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[57] ABSTRACT 

Topoisomerase III polypeptides and DNA and RNA encod- 
ing such Topoisomerase III polypeptides and a procedure for 
producing such polypeptides by recombinant techniques is 
disclosed. Also disclosed are methods for utilizing such 
Topoisomerase III for the treatment of infection, particularly 
bacterial infections. Antagonists against such Topoi- 
somerase III and their use as a therapeutic to treat infections, 
particularly bacterial infections are also disclosed. Also 
disclosed are diagnostic assays for detecting diseases related 
to the presence of Topoisomerase HI nucleic acid sequences 
and the polypeptides in a host. Also disclosed are diagnostic 
assays for detecting polynucleotides encoding Staphylococ- 
cal Topoisomerase III and for detecting the polypeptide in a 
host. 

25 Claims, 3 Drawing Sheets 
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FIGURE 1. 

TTCATTGTACTGTTGAGGAAGTTTAT^ 

AATGAACGATTTTATTTGTGTAATATCATATAACTGAACTATGCT 

GTACTTTTTGTTACTTTTATTATATAGTATTTCAACTGA 

TAACATGTTACAATACATTTAACACCATTGAATTrAAA 

AAGC ACGTTCGAAATAAAAGAACGTATGAGAAAGG ATAATT TATGAAAT CTTT AAT ATTA 

GCTGAAAAACCATCAGTTGCAAGAGATATTGCTGATGCTTT 

AATGGTTACITrGAAAATAAC CAATATATO 

AATGCGACACCTGAACAATACGATAAAAATTTAAAGGAATGGCGATTAGA^ 
ATTATAC CTAAATATATGAAAACTGTTGTT ATTGGT^ 
GTAAAAGCGTTAATTTTAGATAATA^ 
CGAGAAGGTQAACTAGTTGCAAGATTGATTTTGGAT 

CGTCGATTATGGATTAGCTCAGTTACTAAAAAAGCTATTCAACAAGGTTTTAAA 

AAAGACGGTCGTCAATATAACGATTTGTATTATGCAGCGTTAGCGA^ 

TGGATTGTTGGGATTAATGC^CGCGTGCACTAA 

CTGGGACGTGTTCAGACACCAACGATTCAATTAGT 

CAGTTCAAACCACAAGAATACTTTACATTATCATC 

CTAGAATCAAAT CAGCGATATAC C AATAAAGAAACTTT AGAACAGATGGTT AATAATTTG 
AAAAATGTCGATGGTAAGATTAAAT CTGTTGCTACTAAACATAAGAAGTC GTATCCGCAA 
TCACTGTACAATTTAACAGATTTAC^CAAGATATGTATAGACGTTATAA 
AAAGAAACATTGAATACACTTC^^GCTTATATGAGAGACATAAAGTCGTAACOTAT 
AGAACAGATTCAAACTATITAACAACrGATAT^ 

GCGACGATGGCAACAACATATAAAGA CCAAGCACGC C CATTAATGTCT AAAACATTTT CA 
TCAAAAATGTCGATATTTAATAATCftAAAAGTATCTGATC 
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Figure 1A 



ACCATGCAATTATTCCTACAGAAGTGAGACC^ 
TAAAGTTATACGATATGATTGTCGAGCGTTTTTTAGAAGCT^ 
ATGACGCGATAACrTOTAACTTTAgAGqTTG^ 
TAACAACTGTTTTAGGTTTTAAATCTACT 

AGCCTTTTTCAGAAGGCGATGAAGTGAAGATTTCAAAAACAAAC^ 

CAACACCTCCAGAATATTTTAATGAAGGTTCGT^^ 

ACTTTATTCAATTGAAGGATAAAAAATATGCGCAAACTTT 

GCACAGTTGCAACAAGGGCCGACATTATCGA^ C ATTGAAT 

CAAGAGACGGTAAAATTAAAGTAACGTCAAAAGGTAAACAAAT^ 

AAGAATTAACGTCGCCACTTTTAACK^ 

GTGGTAAATATCAGGCGAAAACATTTATTAATGAAATGAAAGATTT^ 
T AAATGGGATT AAAAATAGTGAT CGTAAAT ATAAACACGAT^ 

G C C CAACGTGTGGT AAATTC ATGATTAAAGTTAAAACT AAAAATGGT CAGATGCTTGTGT 

G C CAAGATCCATCTTGTAAGAC G AAAAAGAATGTACAG CGCAAAACAAATGC AAGATGTC 

CAAACTGTAAAAAGAAATTAACGTTGTTTGGTA^ 

TTTGTGGACATTCTGAAAC^^ 

GTAAAGTATCTCGTAAAGAAATGAAAAAg^ 

ATCCGTTTAAAGATGCATTAAAGAACTTGAATTTATAGATAAAATCGAACAAAGTTGAA^ 

CAGAAAAACGAAAAGTTCGCITTTGGTATTGTTTTTTAT^ 

AAGGTATTTTAAAAAAAGGAGCATCCATTCGTGAAAAACTATTTCCAGTTCG 

GGAAGAAACITTAAAAGAGAAATCTT AGGCGGTATCAC^ CT AT 

ATTTTAGCAGTTAACCCGCAAGTTTTAAGTTTAGCAGGTGTTAAAGGCGTATC^ 

ATGAAAATGGACCAAGGTGCCATTTTTGTAGCGACTGC^ 

CTATTCATGGGACTAATAGCTAAATATCCAATCGCATTAGCACCAGGTATC 

TTC 
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FIGURE 2. 



MKSLILAEKPSVARDIADALQINQKRNGYFENNQYIVTWALGHLVTNATPEQYDKNLKEW 
RLEDLPI I PKYMKTW I GKTS KQ FKTVKAL I LDNKVKD 1 1 1 ATDAGREGELVARL I LDKV 
GNKKP IRRLWI SSVTKKAIQQGFKNLKDGRQYNDLYYAALARSEADWIVGINATRALTTK 
YDAQLSLGRVQTPT I QLVNTRQQE INQFKPQQYFTLSLTVKGFDFQLESNQR YTNKETLE 
QMVNNL KNVDGK I KS VATKHKKS YPQS L YNLTDLQQDM YRRYK I GP KETLNTLQ SL YE RH 
KVVTYPRTDSNYLTTDMVDTMKERIQATMATTYKDQARPIjM I FNNQKVSDH 

HA I IPTEVRPVMSDLSNRELKLYDMIVERFLEALMPPHEYDAITVTLEVAGHTFVLKENV 
TTVLGFKSIRQGESITEMQQPFSEGDEVKISKTNIREHETTPPEYFNEGSLLKAMENPQN 
F I QLKDKKYAQTLKQTGGI GTVATRAD 1 1 DKLFNMNAI ESRDGKI KVTSKGKQ I LELAPE 
ELTS PLLTAQWEEKLLL I ERGKYQAKTF INEMKDFTKDWNG I KNS DRKYKHDNLTTTEC 
PTCGKFM I KVKTKNGQML VCQD P S CKTKKNVQRKTNARC PNCKKKLTL FGKGKEAVYRCV 
CGHSETQAHMDQRMKSKSSGKVSRKEMKKYMNKNEGLDNNPFKDALKNI^ 
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TOPOISOMERASE III 

RELATED APPLICATIONS 

This Application claims benefit of U.S. Provisional Appli- 
cation Ser. No. 60/028,417, filed Oct. 15, 1996. 

FIELD OF THE INVENTION 

This invention relates, in part, to newly identified poly- 
nucleotides and polypeptides; variants and derivatives of io 
these polynucleotides and polypeptides; processes for mak- 
ing these polynucleotides and these polypeptides, and their 
variants and derivatives; agonists and antagonists of the 
polypeptides; and uses of these polynucleotides, 
polypeptides, variants, derivatives, agonists and antagonists. 15 
In particular, in these and in other regards, the invention 
relates to polynucleotides and polypeptides of bacterial 
"Topoisomerase III". 

BACKGROUND OF THE INVENTION 20 

Among the more effective antibiotics are those that inter- 
fere with common modes of bacterial gene expression, 
regulation or activity. Recently, the supercoiling of DNA had 
been suggested as a possible mode of virulence gene regu- 25 
lation. Local increases or decreases in DNA density, due to 
supercoiling, have been associated with responses to various 
environmental conditions such as, temperature, 
anaerobiosis, and osmolarity. Appropriate regulation of the 
accessibility of groups of genes to components of the 3Q 
transcriptional apparatus by increasing or decreasing super- 
coiling of spacially organized genes may represent an infect- 
ing pathogen's effective response to such environmental 
conditioas. Enzymes, such as DNA topoisomerases includ- 
ing type 1 topoisomerases and DNA gyrases, have been 3S 
identified which function to effect the levels of DNA super- 
coiling. Such enzymes represent useful targets against which 
to screen compounds as potential antibiotics. 

DNA transformations performed by DNA topoisomerases 
are accomplished by the cleavage of either a single strand or 40 
both strands. The unit change in the Linking number (Lk) 
resulting from such transformations is the best operational 
distinction between the two classes of topoisomerases (P. O. 
Brown & N. R. Cozzarelli, Science 206:1081-1083 (1979)). 
The linking number (Lk) is the algebraic number of times 45 
one strand crosses the surface stretched over the other 
strand. DNA topoisomerases whose reactions proceed via a 
transient single -stranded break and changing the Lk in steps 
of one arc classified as type 1, while enzymes whose 
reactions proceed via double-stranded breaks and changing 50 
the Lk in steps of two are classified as type 2. 

Members of type 2 topoisomerase family include DNA 
gyrase, bacterial DNA topoisomerase IV, T-«ven phage DNA 
topoisomerases, eukaryotic DNA topoisomerase II, and ther- 
mophilic lopoisomerase II from Sulfolobus acidocaldarius 55 
(see: A. Kikuchi et al., Sysl. Appl. Microbiol. 7: 72-78 
(1986); J. Kato et al., J. Biol. Chem. 267: 25676-25684 
(1992); W. M. Huang in DNA Topology and Its Biological 
Effects (N. R. Cozzarelli and J. C. Wang, eds., Cold Spring 
Harbor Laboratory Press, New York, 1990), pp. 265-284; 60 
T.-S Hsieh in DNA Topology and Its Biological Effects (N. 
R. Cozzarelli and J. C. Wang, eds., Cold Spring Harbor 
Laboratory Press, New York, (1990), pp. 243-263)). The 
coding sequences of a dozen or so type 2 enzymes have been 
determined, and the data suggest that all these enzymes are 65 
evolutionary and structurally related. Topological reactions 
catalyzed by type 2 topoisomerases include introduction of 
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negative supercoils into DNA (DNA gyrase), relaxation of 
supercoiled DNA, catenation (or decatenation) of duplex 
circles, knotting and unknotting of DNA. 

The family of type 1 topoisomerases comprises bacterial 
topoisomerase I, E. coli lopoisomerase III, S. cerevisiae 
topoisomerase III (R. A. Kim & J. C. Wang,/. Biol, Chem. 
267: 17178-17185 (1992), human topoisomerase III (Hanai 
et al., Proc. Natl. Acad. ScL 93:3653-3657 (1996)), the type 
1 topoisomerase from chloroplasts that closely resembles 
bacterial enzymes (J. Siedlecki et al., Nucleic Acids Res. 11: 
1523-1536 (1983), thermophilic reverse gyrases (A. 
Kikuchi, In DNA: "Topology and Its Biological Effects" (N. 
R. Cozzarelli and J. C. Wang, eds., Cold Spring Harbor 
Laboratory Press, New York, 1990, pp. 285-298); C. 
Bouthier de la Tour et al., J. Bact. 173: 3921-3923 (1991), 
thermophilic D. amylofyticus topoisomerase III (A. I. Sle- 
sarev et al., J. Biol Chem. 266: 12321-12328 (1991), 
nuclear topoisomerases I and closely related enzymes from 
mitochondria and poxviruses (N. Osheroff, Phamac. Ther. 
41: 223-241 (1989)). With respect to the mechanism of 
catalysis these topoisomerases can be divided into two 
groups. Group A consists of enzymes that require a divalent 
cation for activity, and form a transient covalent complex 
with Ihe 5'-phosphoryl termini (prokaryotic type 1 
topoisomerases, S. cerevisiae topoisomerase III, and human 
topoisomerase III). Group B includes type 1 topoisomerases 
that do not require a divalent cation for activity, and bind 
covalently to the 3'-phosphoryl termini (nuclear topoi- 
somerases I, enzymes from mitochondria and poxviruses 
commonly called eukaryotic topoisomerases I). Type 1 
topoisomerases can carry out the following topological 
reactions: they relax supercoiled DNA (except of reverse 
gyrases), catenate (or decatenale) single -stranded circular 
DNAs or duplexes providing that at least one of the mol- 
ecules contains a nick or gap, or interact with single- 
stranded circles to introduce topological knots (type 1 -group 
A topoisomerases). Reverse gyrase, belonging to type 
1 -group A topoisomerases, is the only topoisomerase shown 
to be able to introduce positive supercoils into cDNA. 

Research on DNA topoisomerases has progressed from 
DNA enzymology to developmental therapeutics. Bacterial 
DNA topoisomerase II is an important therapeutic target of 
quinolonc antibiotics; mammalian DNA topoisomerase II is 
the cellular target of many potent antitumor drugs (K. Drlica, 
Microbiol. Rev. 48: 273-289 (1984) and Biochemistry 27: 
2253-2259 (1988); B. S. Glisson & W. E. Ross, Pharmacol. 
Ther. 32: 89-106 (1987); A. L. Bodley & L, F. Liu, 
Biotechnology 6: 1315-1319 (1988); L. F. Liu, Annu. Rev. 
Biochem. 58: 351-375 (1989)). These drugs, referred to as 
topoisomerase II poisons, interfere with the breakage- 
rejoining reaction of type II topoisomerase by trapping a key 
covalent reaction intermediate, termed the cleavable com- 
plex. Mammalian topoisomerase I is the cellular target of the 
antitumor drug topotecan (U.S. Pat. No. 5,004,758), which 
also traps the covalent reaction intermediate. 

As mentioned above, bacterial type I topoisomerases 
(topoisomerase I & III) are enzymes that alter DNA topol- 
ogy and are involved in a number of crucial cellular pro- 
cesses including replication, transcription and recombina- 
tion (Luttinger, A., Molecular Microbiol. 15(4): 601-608 
(1995). These enzymes act by transiently breaking one 
strand of DNA, passing a single or double strand of DNA 
through the break and finally resealing the break. Cleavage 
of the DNA substrate forms a covalent linkage between a 
tyrosine residue of the enzyme and the 5' end of the DNA 
chain at the cleavage site (Roca, J. A., TIBS 20:156-160 
(1995). 
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Enzyme inhibition which leads to the stabilization of the In accordance with this aspect of the invention there are 

covalent-enzyme-DNA complex (cleavable complex), will provided novel polypeptides of Staphylococcal origin 

invoke chromosomal damage, and bacterial cell death. referred to herein as Topoisomerase III as well as 

Furthermore, this mechanism has the potential of leading to biologically, diagnostically or therapeutically useful frag- 

cell death by virtue of a single inhibition event. A small 5 meots thereof, as well as variants, derivatives and analogs of 

molecular weight inhibitor, which acts by stabilization of the tne foregoing and fragments thereof, 

cleavable complex may act on both topoisomerase I and III ». , • u - . r .i_ • j v 

because of the extensive amino acid sequence similarity 11 »» °^ ect ?j thc mn °! t0 P rovid f Jopoi- 

between them, particularly in the region of their active sites. somerase r 1 Pf*Wj^ t Particularly bacterial Topoi- 

The likelihood of future high level resistance to such agents somerase III polypeptides, that may be employed for thera- 

arising from point mutation may therefore be low. 10 P euuc purposes, for example, to treat disease, including 

Inhibitors of type I topoisomerases, for example, those nwnnent by conferring host immunity against bacterial 

able to stabilize the protein in a covalent complex with DNA infections, such as Staphylococcal infections, 

would be lethal or inhibitory to the bacterium and thereby In accordance with yet a further aspect of the present 

have utility in anti-bacterial therapy. It is particularly pre- invention, there is provided the use of a polypeptide of the 

ferred to employ Staphylococcal genes and gene products as 15 invention, in particular a fragment thereof, for therapeutic or 

targets for the development of antibiotics. The Slaphylo- prophylactic purposes, for example, as an antibacterial agent 

cocci make up a medically important genera of microbes. or a vaccine. 

They are known to produce two types of disease, mvasive , accordance with another aspect of thc present 

and toxigenic. Invasive infections are characterized gener- • „ . . nrn ... 11M *. a nf 

ally by abscess formation effecting both skin surfaces and 20 pennon, there is provided the use of a polynucleotide of 

deep tissues. S. aureus is the sScond leading cause of lhe mv 1 eDtlon for f he "peutic or prophylactic purposes, m 

bacteremia in cancer patients. Osteomyelitis, septic arthritis, Particular genetic immunization. 

septic thrombophlebitis and acute bacterial endocarditis are Among the particularly preferred embodiments of this 

also relatively common. There are at least three clinical aspect of the invention are variants of Topoisomerase III 

conditions resulting from the toxigenic properties of Sta- 25 polypeptide encoded by naturally occurring alleles of the 

phylococci. The manifestation of these diseases result from Topoisomerase III gene. 

the actions of exotoxins as opposed to tissue invasion and It ^ another of the mvent i on to pr0 vide a process 

bacteremia. These conditions include: Staphylococcal food for produciDg the aforementioned polypeptides, polypeptide 

poisoning, scalded skin syndrome and toxic shock syn- fragments> variants md derivatives, fragments of the van- 

e * 30 ants and derivatives, and analogs of the foregoing. 

SUMMARY OF THE INVENTION In a preferred embodiment of this aspect of the invention 

Toward these ends, and others, it is an object of the there are provided methods for producing the aforemen- 
present invention to provide polypeptides, inter alia, that tioned Topoisomerase III polypeptides comprising culturing 
have been identified as novel Topoisomerase III by homol- host cells having expressibly incorporated therein an 
ogy between the amino acid sequence set out in FIG. 2 (SEQ 35 exogenously -derived Topoisomerase Ill-encoding poly- 
ID NO: 2) and known amino acid sequences of other nucleotide under conditions for expression of Topoi- 
proteins such as Haemophilus influenzae topoisomerase III. somerase III in the host and then recovering the expressed 

It is a further object of the invention, moreover, to provide polypeptide, 

polynucleotides that encode Topoisomerase III, particularly In accordance with another object the invention there are 

polynucleotides that encode the polypeptide herein desig- 40 provided products, compositions, processes and methods 

nated bacterial Topoisomerase III. that utilize the aforementioned polypeptides and 

In a particularly preferred embodiment of this aspect of polynucleotides, inter alia, for research, biological, clinical 

the invention the polynucleotide comprises the region aQ d therapeutic purposes. 

encoding Topoisomerase III in the sequence set out in FIG. 4J In accordance with yet another aspect of the present 

1 (SEQ ID NO: 1). invention, there are provided inhibitors of such 

In another particularly preferred embodiment of the polypeptides, useful as antibacterial agents. In particular, 

present invention there is a novel Topoisomerase III protein there are provided antibodies against such polypeptides, 

from Staphylococcus aureus comprising the amino acid In accordance with certain preferred embodiments of this 

sequence of (SEQ ID NO: 2), or a fragment, analogue or 50 and other aspects of the invention there are probes that 

derivative thereof. hybridize to bacterial Topoisomerase III sequences useful 

In accordance with this aspect of the present invention for detection of bacterial infection, 

there is provided an isolated nucleic acid molecule encoding In certain additional preferred embodiments of this aspect 

a mature polypeptide expressible by the Staphylococcus of the invention there are provided antibodies against Topoi- 

aureus polynucleotide contained in deposited strain NCIMB 55 somerase III polypeptides. In certain particularly preferred 

40771. embodiments in this regard, the antibodies are selective for 

In accordance with this aspect of the invention there are Staphylococcal Topoisomerase HI. 
provided isolated nucleic acid molecules encoding Topoi- In accordance with another aspect of the present 
somerase III, particularly Staphylococcal Topoisomerase III, invention, there are provided Topoisomerase III agonists, 
including mRNAs, cDNAs, genomic DNAs and, in further eo Among preferred agonists are molecules that mimic Topoi- 
embodiments of this aspect of the invention, biologically, somerase III, that bind to Topoisomerase Ill-binding 
diagnostically, clinically or therapeutically useful variants, molecules, and that elicit or augment Topoisomerase Ill- 
analogs or derivatives thereof, or fragments thereof, includ- induced responses. Also among preferred agonists are mol- 
ing fragments of the variants, analogs and derivatives. ecules that interact with Topoisomerase III encoding genes 

Among the particularly preferred embodiments of this 65 or Topoisomerase III polypeptides, or with other modulators 

aspect of the invention are naturally occurring allelic vari- of Topoisomerase III activities, and thereby potentiate or 

ants of Topoisomerase III. augment an effect of Topoisomerase III or more than one 
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effect of Topoisomerase III and which are also preferably is also preferred, or it may be highly specific to a group of 

bacteriostatic or bactericidal. proteios that includes polypeptides of the invention, which 

In accordance with yet another aspect of the present * Preferred, or it may be specific to several groups of 

invention, there are provided Topoisomerase III antagonists. P roteins at f eas !. onc of which includes a polypeptide of the 

Among preferred antagonists are those which bind to Topoi- 5 mycntton. Binding molecules also include antibodies and 

somerase 111 so as to inhibit the binding of Topoisomerase amibody^enved reagents that bind specifically to polypep- 

,„ .... , , , .... ,l * r ■ tides ot the invention. 

Ill-binding molecules or to stabdize the complex formed „ rxirTir ni trKrr „ , , ... 

between Topoisomerase III and Topoisomerase III binding GENETIC ELEMENT generally means a polynucleotide 

molecule to prevent further biological activity arising from ™P™fK a hat a Polypeptide or a poly- 

the Topoisomerase III. Also amoni preferred antagonists are io nucle ,° lde rc S*» that rc S ulales replication, transcnpUon or 

molecules that bind to or interact with Topoisomerase III so « ^ processes important to expression of the 

as to inhibit an effect of Topoisomerase Hlor more than one j» " a host cell or a po ynuc eotide comprising 

effect of Topoisomerase III or which prevent expression of both a c f c ^ e f 3 PftW'* and 

Topoisomerase III and which are also preferably bacterio- 0pe rab ' y lmk £ thereto r ^ ulates expression Genetic 

static or bactericidal. « elcments may * ""P™" 1 Wlthui a vecto ; tha replicates as 

an episomal element; that is, as a molecule physically 

In a further aspect of the invention there are provided independent of the host cell genome. They may be com- 

compositions comprising a Topoisomerase III polynucle- prised within plasmids. Genetic elements also may be com- 

olide or a Topoisomerase III polypeptide for administration prised a host ^ geDome; not ^ their nahiral ^ 

to cells m vitro, to cells ex vivo and to cells in vivo, or to a bm> rathefj f 0 u owmg manipulation such as isolation, cloning 

multicellular organism. In certain preferred embodiments of and introduction into a host cell in the form of purified DNA 

this aspect of the invention, the compositions comprise a or m a vector> among others 

Topoisomerase III polynucleotide for expression of a Topoi- HOST CELL is a cell which has been transformed or 

somerase III polypeptide in a host organism to raise an transfected or fa ble of transformation or transfection 

immunological response preferably to raise immunity in b ^ polynucleotide sequence, 

such host against Staphylococci or related organisms. mc " pn '. Aril ™ , - 

« . . . - IDENTTY or SIMILARITY, as known in the art, are 

Other objects, features, advantages and aspects of the relationships be tween two polypeptide sequences or two 

present invention will become apparent to those of skill from polynucleotide sequences, as determined by comparing the 

the following description. It should be understood, however, sequences. In the art, identity also means the degree of 

that the following description and the specific examples, 3Q sequence relatedness between two polypeptide or two poly- 

whde indicating preferred embodiments of the invention, are nucleotide sequences as determined by the match between 

given by way of illustration only. Various changes and ^ strings of such sequences. Both identity and similarity 

modifications within the spirit and scope of the disclosed can bc readUy calculated (Computational Molecular 

invention will become readily apparent to those skilled in Biology, Lesk, A. M., ed., Oxford University Press, New 

the art from reading the following description and from 3S York> 1988; Biocomputing: Informatics and Genome 

reading the other parts of the present disclosure. Project ^ Smith> D w ^ Academic Press> New York) 

BRIEF DESCRIPTION OF THE DRAWINGS i"* Computer Analysis of Sequence Data, Part I, Griffin, 

A. M., and Griffin, H. G., eds., Humana Press, New Jersey, 

The following drawings depict certain embodiments of 1994; Sequence Analysis in Molecular Biology, von Heinje, 

the invention. They are illustrative only and do not limit the 40 G., Academic Press, 1987; and Sequence Analysis Primer, 

invention otherwise disclosed herein. Gribskov, M. and Devereux, J., eds., M Stockton Press, New 

FIG. 1 shows a polynucleotide sequence of Staphylococ- York > 1991 > there exist a number of methods to 

cus aureus Topoisomerase III, comprising a sequence of measure identity and similarity between two polynucleotide 

Staphylococcus aureus Topoisomerase III gene and sur- or two polypeptide sequences, both terms are weU known to 

rounding area (coding sequence underlined) (SEQ ID NO: 45 skiUed artisans (Sequence Analysis in Molecular Biology, 

iy von Heinje, G., Academic Press, 1987; Sequence Analysis 

tti^ t u j c c / i Primer, Gribskov, M. and Devereux, J., eds., M Stockton 
FIG. 2 shows the ammo acid sequence of Staphylococcus „ 1, v . inn , . „ ... „ ... ~ 
-p - in /cm TiVxr^ *>\ a a jc u Press, New York, 1991; and Cardlo, H., and Lip man, D., 

aureus Topoisomerase III (SEQ ID NO: 2) deduced from the cf A »i j a ;• J »r ao ia^ /moo\ w . L j 

i i.j j- cn/- i ^rAiiMtrt «V SLAM J. Applied Math., 48: 1073 (1988). Methods com- 

polynucleotide coding sequence of FIG. 1 (SEQ ID NO: 1). , \* , , . .... 

r v 7 50 monly employed to determine identity or similarity between 

GLOSSARY lwo set l uences include, but are not limited to those disclosed 
in CarUlo, H., and Lipman, D., SIAM J. Applied Math., 

The following illustrative explanations are provided to 48:1073(1988). Preferred methods to determine identity are 
facilitate understanding of certain terms used frequently designed to give the largest match between the two 
herein, particularly in the Examples. The explanations are 55 sequences tested. Methods to determine identity and simi- 
provided as a convenience and are not limitative of the larity are codified in computer programs. Preferred corn- 
invention, puter program methods to determine identity and similarity 

Topoisomerase III-BIND1NG MOLECULE, as used between two sequences include, but are not limited to, GCG 

herein, refers to molecules or ions which bind or interact program package (Devereux, J., et al., Nucleic Acids 

specifically with Topoisomerase im polypeptides or poly- 60 Research 12(1): 387 (1984)), BLASTP, BLASTN, and 

nucleotides of the present invention, including, for example FASTA (Atschul, S. F. et al., J. Mol. Biol. 215: 403 (1990)). 

enzyme substrates, such as supercoiled DNA, cell mem- ISOLATED means altered "by the hand of man" from its 

brane components and classical receptors. Binding between natural state; i.e., that, if it occurs in nature, it has been 

polypeptides of the invention and such molecules, including changed or removed from its original environment, or both, 

binding or interaction molecules may be exclusive to 65 For example, a naturally occurring polynucleotide or a 

polypeptides of the invention, which is preferred, or it may polypeptide naturally present in a living organism in its 

be highly specific for polypeptides of the invention, which natural state is not "isolated," but the same polynucleotide or 
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polypeptide separated from the coexisting materials of its oligomers, for example, and to longer chains, which gener- 
natural state is "isolated", as the term is employed herein. ally are referred to in the art as proteins, of which there are 
For example, with respect to polynucleotides, the term many types. It will be appreciated that polypeptides often 
isolated means that it is separated from the chromosome and .contain amino acids other than the 20 amino acids corn- 
cell in which it naturally occurs. As part of or following 5 m0 nl y referred to as the 20 naturally occurring amino acids, 
isolation, such polynucleotides can be joined to other and mat many ammo acidSf including the terminal amino 
polynucleotides, such as DNAs, for mutagenesis, to form ac ids, may be modified in a given polypeptide, either by 
fusion proteins, and for propagation or expression in a host, natural processes, such as processing and other post- 
for instance. The isolated polynucleotides, alone or joined to translational modifications, but also by chemical modifica- 
other polynucleotides such as vectors, can be introduced into 10 ti on techniques which are well known to the art. Even the 
host cells, in culture or in whole organisms. Introduced into common modifications that occur naturally in polypeptides 
host cells in culture or in whole organisms, such DNAs still are too numerous to list exhaustively here, but they are well 
would be isolated, as the term is used herein, because they described in basic texts and in more detailed monographs, as 
would not be in their naturally occurring form or environ- we u as in a voluminous research literature, and they are well 
ment. Similarly, the polynucleotides and polypeptides may 15 kn 0Wn to those of skill in the art. Among the known 
occur in a composition, such as a media formulations, modifications which may be present in polypeptides of the 
solutions for introduction of polynucleotides or present are, to name an illustrative few, acetylation, 
polypeptides, for example, into cells, compositions or solu- aC ylation, ADP-ribosylation, amidation, covalent attach- 
tions for chemical or enzymatic reactions, for instance, m ent of flavin, covalent attachment of a heme moiety, 
which are not naturally occurring compositions, and, therein 20 covalent attachment of a nucleotide or nucleotide derivative, 
remain isolated polynucleotides or polypeptides within the covalent attachment of a lipid or lipid derivative, covalent 
meaning of that term as it is employed herein. attachment of phosphotidylinositol, cross-linking, 

POLYNUCLEOTIDES) generally refers to any polyri- cyclization, disulfide bond formation, demethylation, for- 
bonucleotide or polydeoxribonucleotide, which may be mation of covalent cross-links, formation of cystine, forma- 
unmodified RNA or DNA or modified RNA or DNA. Thus, 25 tion of pyroglutamate, formylation, gamma-carboxylation, 
for instance, polynucleotides as used herein refers to, among glycosylation, GPI anchor formation, hydroxylation, 
others, single- and double-stranded DNA, DNA that is a iodination, methylation, myristoylation, oxidation, pro- 
mixture of single- and double-stranded regions or single-, teolylic processing, phosphorylation, prenylation, 
double- and triple-stranded regions, single- and double- racemization, selenoylation, sulfation, transfer-RNA medi- 
stranded RNA and RNA that is mixture of single- and 30 ated addition of amino acids to proteins such as arginylation, 
double-stranded regions, hybrid molecules comprising DNA and ubiquitination. Such modifications are well known to 
and RNA that may be single-stranded or, more typically, those of skill and have been described in great detail in the 
double-stranded, or triple-stranded, or a mixture of single- scientific literature. Several particularly common 
and double-stranded regions. In addition, polynucleotide as modifications, glycosylation, lipid attachment, sulfation, 
used herein refers to triple-stranded regions comprising 35 gamma-carboxylation of glutamic acid residues, hydroxyla- 
RNA or DNA or both RNA and DNA. The strands in such tion and ADP-ribosylation, for instance, are described in 
regions may be from the same molecule or from different most basic texts, such as, for instance PROTEINS — 
molecules. The regions may include all of one or more of the STRUCTURE AND MOLECULAR PROPERTIES, 2nd Ed., 
molecules, but more typically involve only a region of some T. E. Creighton, W. H. Freeman and Company, New York 
of the molecules. One of the molecules of a triple-helical 40 (1993). Many detailed reviews are available on this subject, 
region often is an oligonucleotide. As used herein, the term such as, for example, those provided by Wold, F, Posttrans- 
polynucleotide includes DNAs or RNAs as described above lational Protein Modifications: Perspectives and Prospects, 
that contain one or more modified bases. Thus, DNAs or pgs. 1-12 in POSTTRANSLA TIONAL COVALENT MODI- 
RNAs with backbones modified for stability or for other FICATION OF PROTEINS, B. C. Johnson, Ed., Academic 
reasons are "polynucleotides" as that term is intended 45 Press, New York (1983); Seifter et ah, Meth. Enzymol. 
herein. Moreover, DNAs or RNAs comprising unusual 182:626-646 (1990) and Rattan et al., Protein Synthesis: 
bases, such as inosine, or modified bases, such as tritylated Posatranslational Modifications and Aging, Ann. N.Y.Acad, 
bases, to name just two examples, are polynucleotides as the Sci. 663: 48-62 (1992). It will be appreciated, as is well 
term is used herein. It will be appreciated that a great variety known and as noted above, that polypeptides are not always 
of modifications have been made to DNA and RNA that 50 entirely linear. For instance, polypeptides may be branched 
serve many useful purposes known to those of skill in the art. a s a result of ubiquitination, and they may be circular, with 
The term polynucleotide as it is employed herein embraces or without branching, generally as a result of posttranslation 
such chemically, enzymatically or metabolically modified events, including natural processing event and events 
forms of polynucleotides, as well as the chemical forms of brought about by human manipulation which do not occur 
DNA and RNA characteristic of viruses and cells, including 55 naturally. Circular, branched and branched circular polypep- 
inter alia, simple and complex cells. The term tides may be synthesized by non -translation natural process 
polynucleotide(s) embrace short polynucleotides often and by entirely synthetic methods, as well. Modifications 
referred as oligon ucleotides. can occur anywhere in a polypeptide, including the peptide 

POLYPEPTIDES, as used herein, includes all polypep- backbone, the amino acid side-chains and the amino or 

tides as described below. The basic structure of polypeptides 60 carboxyl termini. In fact, blockage of the amino or carboxyl 

is well known and has been described in innumerable group in a polypeptide, or both, by a covalent modification, 

textbooks and other publications in the art. In this context, is common in naturally occurring and synthetic polypeptides 

the term is used herein to refer to any peptide or protein and such modifications may be present in polypeptides of 

comprising two or more amino acids joined to each other in the present invention, as well. For instance, the amino 

a linear chain by peptide bonds. As used herein, the term 65 terminal residue of polypeptides made in E. coU or other 

refers to both short chains, which also commonly are cells, prior to proteolytic processing, almost invariably will 

referred to in the art as peptides, oligopeptides and be N-formyl methionine. During post-translational modifi- 
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cation of the peptide, a methionine residue at the NH 2 - 53% similar at the amino acid level, and 66% identical at the 

terminus may be deleted. Accordingly, this invention con- nucleotide level. These homology determinations were 

templates the use of both the methionine-containing and the made using the Gentics Computer Group BESTFIT pro- 

methionineless amino terminal variants of the protein of the gram. 

invention. The modifications that occur in a polypeptide 5 The invention relates especially to Staphylococcal Topoi- 

often will be a function of how it is made. For polypeptides somerase III having the nucleotide and amino acid 

made by expressing a cloned gene in a host, for instance, the sequences set out in FIG. 1 (SEQ ID NO: 1) and FIG. 2 

nature and extent of the modifications in large part will be (SEQ ID NO: 2), and to the Topoisomerase III nucleotide 

determined by the host cell posttranslational modification and amino acid sequences of the DNA isolatable from 

capacity and the modification signals present in the polypep- to Deposit No. NCI MB 40771, which is herein referred to as 

tide amino acid sequence. For instance, as is well known, "the deposited organism" or as the "DNA of the deposited 

glycosylation often does not occur in bacterial hosts such as, organism." It will be appreciated that the nucleotide and 

for example, E. colt. Accordingly, when glycosylation is amino acid sequences set out in FIG. 1 (SEQ ID NO: 1) and 

desired, a polypeptide should be expressed in a glycosylat- FIG. 2 (SEQ ID NO: 2) were obtained by sequencing the 

ing host, generally a eukaryotic cell. Insect cells often carry 15 DNA of the deposited organism. Hence, the sequence of the 

out the same posttranslational glycosylations as do mam- deposited clone is controlling as to any discrepancies 

malian cells and, for this reason, insect cell expression between it (and the sequence it encodes) and the sequences 

systems have been developed to express efficiently mam- of FIG. 1 (SEQ ID NO: 1) and FIG. 2 (SEQ ID NO: 2). 

malian proteins having native patterns of glycosylation. Polynudeotides 

Similar considerations apply to other modifications. It will 20 In accordance with one aspect of the present invention, 

be appreciated that the same type of modification may be there are provided isolated polynucleotides which encode 

present in the same or varying degree at several sites in a the Staphylococcal Topoisomerase III polypeptide having 

given polypeptide. Also, a given polypeptide may contain the deduced amnino acid sequence of FIG. 2 (SEQ ID NO: 

many types of modifications. In general, as used herein, the 2). 

term polypeptide encompasses all such modifications, par- 25 Using the information provided herein, such as the poly- 
ticularly those that are present in polypeptides synthesized nucleotide sequence set out in FIG. 1 (SEQ ID NO: 1), a 
by expressing a polynucleotide in a host cell. polynucleotide of the present invention encoding Topoi- 
VARIANT(S) of polynucleotides or polypeptides, as the somerase III polypeptide may be obtained using standard 
term is used herein, are polynucleotides or polypeptides that cloning and screening procedures. To obtain the polynucle- 
differ from a reference polynucleotide or polypeptide, 30 otide encoding the protein using the DNA sequence given in 
respectively. Variants in this sense are described below and SEQ ID NO: 1 typically a library of clones of chromosomal 
elsewhere in the present disclosure in greater detail. With DNA of 5. aureus WCUH 29 in E. coli or some other 
reference to polynucleotides, generally, differences are lim- suitable host is probed with a radiolabelled oligonucleotide, 
ited such that the nucleotide sequences of the reference and preferably a 17 mer or longer, derived from the sequence of 
the variant are closely similar overall and, in many regions, 35 FIG. 1. Clones carrying DNA identical to that of the probe 
identical. As noted below, changes in the nucleotide can then be distinguished using high stringency washes. By 
sequence of the variant may be silent. That is, they may not sequencing the individual clones thus identified with 
alter the amino acids encoded by the polynucleotide. Where sequencing primers designed from the original sequence it is 
alterations are limited to silent changes of this type, a variant then possible to extend the sequence in both directions to 
will encode a polypeptide with the same amino acid *o determine the full gene sequence. Conveniently such 
sequence as the reference. Also as noted below, changes in sequencing is performed using denatured double stranded 
the nucleotide sequence of the variant may alter the amino DNA prepared from a plasmid clone. Suitable techniques are 
acid sequence of a polypeptide encoded by the reference described by Mania tis, T, Fritsch, E. F. and Sambrook, J. in 
polynucleotide. Such nucleotide changes may result in MOLECULAR CLONING, A Laboratory Manual (2nd edi- 
amino acid substitutions, additions, deletions, fusions and « tion 1989 Cold Spring Harbor Laboratory, see Screening By 
truncations in the polypeptide encoded by the reference Hybridization 1.90 and Sequencing Denatured Double- 
sequence, as discussed below. With reference to polypep- Stranded DNA Templates 13.70). Illustrative of the 
tides generally, differences are limited so that the sequences invention, the polynucleotide set out in FIG. 1 (SEQ ID NO: 
of the reference and the variant are closely similar overall 1) w *s discovered in a DNA library derived from Staphy- 
and, in many region, identical. A variant and reference 50 lococcus aureus NC1MB 40771 as described in Example I. 
polypeptide may differ in amino acid sequence by one or Topoisomerase III of the invention is structurally related 
more substitutions, additions, deletions, fusions and 10 olne r proteins of the bacterial Topoisomerase III family, 
truncations, which may be present in any combination. *s shown by comparing the sequence encoding Topoi- 
nccrn loxinM nn tuu i wcKrnnu somerase III from the deposited clone with that of sequence 
DESCRIPTION OF THE INVENTION 55 reported m the merature . A preferred DNA sequence is set 

The present invention relates to novel Topoisomerase III out in FIG. 1(SEQ ID NO: 1). It contains an open reading 

polypeptides and polynucleotides encoding same, among frame encoding a protein of about 711 amino acid residues, 

other things, as described in greater detail below. In The protein exhibits greatest homology to Haemophilus 

particular, the invention relates to polypeptides and poly- influenze topoisomerase m protein among known proteins, 

nucleotides of a novel Topoisomerase III gene of Staphylo- 60 Polynucleotides of the present invention may be in the 

coccus aureus, which is related by amino acid sequence form of RNA, such as MRNA, or in the form of DNA, 

homology to, for example, Haemophilus influenzae topoi- including, for instance, cDNA and genomic DNA obtained 

somerase HI protein. The closest relatives to Staphylococcus by cloning or produced by chemical synthetic techniques or 

topoisomerase III are the Haemophilus influenzae topoi- by a combination thereof. The DNAmay be double -stranded 

somerase IU, which is 33% identical and 52% similar at the 65 or single-stranded. Single-stranded DNA may be the coding 

amino acid level, and 57% identical at the nucleotide level, strand, also known as the sense strand, or it may be the 

and E. coli topoisomerase III, which is 30% identical and non-coding strand, also referred to as the anti-sense strand. 
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The coding sequence which encodes the polypeptide may 
be identical to the coding sequence of the polynucleotide 
shown in FIG. 1 (SEQ ID NO: 1). It also may be a 
polynucleotide with a different sequence, which, as a result 
of the redundancy (degeneracy) of the genetic code, encodes 
the polypeptide of FIG. 2 (SEQ ID NO: 2). 

Polynucleotides of the present invention which encode the 
polypeptide of FIG. 2 (SEQ ID NO: 2) may include, but are 
not limited to the coding sequence for the mature 
polypeptide, by itself; the coding sequence for the mature 
polypeptide and additional coding sequences, such as those 
encoding a leader or secretory sequence, such as a pre-, or 
pro- or prepro- protein sequence; the coding sequence of the 
mature polypeptide, with or without the aforementioned 
additional coding sequences, together with additional, non- 
coding sequences, including for example, but not limited to 
non-coding 5' and 3' sequences, such as the transcribed, 
non-translated sequences that play a role in transcription 
(including termination signals, for example), ribosome 
binding, mRNA stability elements, and additional coding 
sequence which encode additional amino acids, such as 
those which provide additional functionalities. The DNA 
may also comprise a promoter region which functions to 
direct the transcription of the mRNA encoding the Topoi- 
somerase III of this invention. Such promoter may be 
independently useful to direct the transcription of heterolo- 
gous gene in recombinant expression system. Furthermore, 
the polypeptide may be fused to a marker sequence, such as 
a peptide, which facilitates purification of the fused polypep- 
tide. In certain embodiments of this aspect of the invention, 
the marker sequence is a hexa-histidine peptide, such as the 
tag provided in the pQE vector (Qiagen, Inc.), among others, 
many of which are commercially available. As described in 
Gentz et al., Proc. Nat'l. Acad. ScL, USA 86: 821-824 
(1989), for instance, hexa-histidine provides for convenient 
purification of the fusion protein. The HA tag may also be 
used to create fusion proteins and corresponds to an epitope 
derived of influenza hemagglutinin protein, which has been 
described by Wilson et al., Cell 37: 767 (1984), for instance. 

In accordance with the foregoing, the term "polynucle- 
otide encoding a polypeptide" as used herein encompasses 
polynucleotides which include a sequence encoding a 
polypeptide of the present invention, particularly bacterial, 
and more particularly Staphylococcus aureus Topoi- 
somerase III having the amino acid sequence set out in FIG. 
2 (SEQ ID NO: 2). The term encompasses polynucleotides 
that include a single continuous region or discontinuous 
regions encoding the polypeptide (for example, interrupted 
by integrated phage or insertion sequence or editing) 
together with additional regions, that also may contain 
coding and/or non-coding sequences. 

The present invention further relates to variants of the 
herein above described polynucleotides which encode for 
fragments, analogs and derivatives of the polypeptide hav- 
ing the deduced amino acid sequence of FIG. 2 (SEQ ID 
NO: 2). A variant of the polynucleotide may be a naturally 
occurring variant such as a naturally occurring allelic 
variant, or it may be a variant that is not known to occur 
naturally. Such non-naturally occurring variants of the poly- 
nucleotide may be made by mutagenesis techniques, includ- 
ing those applied to polynucleotides, cells or organisms. 

Among variants in this regard are variants that differ from 
the aforementioned polynucleotides by nucleotide 
substitutions, deletions or additions. The substitutions may 
involve one or more nucleotides. The variants may be 
altered in coding or non-coding regions or both. Alterations 
in the coding regions may produce conservative or non- 
conservative amino acid substitutions, deletions or addi- 
tions. 
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Among the particularly preferred embodiments of the 
invention in this regard are polynucleotides encoding 
polypeptides having the amino acid sequence of Staphylo- 
coccal Topoisomerase III set out in FIG. 2 (SEQ ID NO: 2); 

5 variants, analogs, derivatives and fragments thereof. 

Further particularly preferred in this regard are polynucle- 
otides encoding Topoisomerase III variants, analogs, deriva- 
tives and fragments, and variants, analogs and derivatives of 
the fragments, which have the amino acid sequence of 

to Staphylococcal Topoisomerase III polypeptide of FIG. 2 
(SEQ ID NO: 2) in which several, a few, 5 to 10, 1 to 5, 1 
to 3, 2, 1 or no amino acid residues are substituted, deleted 
or added, in any combination. Especially preferred among 
these are silent substitutions, additions and deletions, which 

15 do not alter the properties and activities of Topoisomerase 
III. Also especially preferred in this regard are conservative 
substitutions. Most highly preferred are polynucleotides 
encoding polypeptides having the amino acid sequence of 
FIG. 2 (SEQ ID NO: 2), without substitutions. 

20 Further preferred embodiments of the invention are poly- 
nucleotides that are at least 70% identical to a polynucle- 
otide encoding Topoisomerase III polypeptide having the 
amino acid sequence set out in FIG. 2 (SEQ ID NO: 2), and 
polynucleotides which are complementary to such poly- 

25 nucleotides. Alternatively, most highly preferred are poly- 
nucleotides that comprise a region that is at least 80% 
identical to a polynucleotide encoding Topoisomerase III 
polypeptide of the Staphylococcus aureus DNA of the 
deposited clone and polynucleotides complementary 

30 thereto. In this regard, polynucleotides at least 90% identical 
to the same are particularly preferred, and among these 
particularly preferred polynucleotides, those with at least 
95% are especially preferred. Furthermore, those with at 
least 97% are highly preferred among those with at least 

35 95%, and among these those with at least 98% and at least 
99% are particularly highly preferred, with at least 99% 
being the more preferred. 

Particularly preferred embodiments in this respect, 
moreover, are polynucleotides which encode polypeptides 

40 which retain substantially the same biological function or 
activity as the mature polypeptide encoded by the DNA of 
FIG. 1 (SEQ ID NO: 1). 

The present invention further relates to polynucleotides 
that hybridize to the herein above -described sequences. In 

45 this regard, the present invention especially relates to poly- 
nucleotides which hybridize under stringent conditions to 
the herein above-described polynucleotides. As herein used, 
the term "stringent conditions" means hybridization will 
occur only if there is at least 95% and preferably at least 97% 

50 identity between the sequences. 

As discussed additionally herein regarding polynucleotide 
assays of the invention, for instance, polynucleotides of the 
invention as discussed above, may be used as a hybridization 
probe for RNA, cDNA and genomic DNA to isolate full- 

55 length cDNAs and geDomnic clones encoding Topoi- 
somerase III and to isolate cDNA and genomic clones of 
other genes that have a high sequence similarity to the 
Topoisomerase III gene. Such probes generally will com- 
prise at least 15 bases. Preferably, such probes will have at 

60 least 30 bases and may have at least 50 bases. Particularly 
preferred probes will have at least 30 bases and will have 50 
bases or less. 

For example, the coding region of the Topoisomerase III 
gene may be isolated by screening using the known DNA 
65 sequence to synthesize an oligonucleotide probe. A labeled 
oligonucleotide having a sequence complementary to that of 
a gene of the present invention is then used to screen a 
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library of cDNA, genomic DNA or mRNA to determine of FIG. 2 (SEQ ED NO: 2), means a polypeptide which 

which members of the library to which the probe hybridizes. retains essentially the same biological function or activity as 

The polynucleotides and polypeptides of the present such polypeptide. Fragments derivatives and analogs that 
invention may be employed as research reagents and mate- retain at least 90% of the activity of the native Topoi- 
rials for discovery of treatments of and diagnostics for s somerase III are preferred. Fragments derivatives and ana- 
disease, particularly human disease, as further discussed logs that retain at least 95% of the activity of the native 
herein relating to polynucleotide assays. Topoisomerase HI are preferred Thus, an analog includes a 

The polynucleotides of the invention that are proprotein which can be activated by cleavage of the pro- 

oligonucleotides, derived from the sequences (SEQ ID NO: protein portion to produce an active mature polypeptide. 

1) may be used as PCR primers in the process herein 10 The polypeptide of the present invention may be a recom- 

described to determine whether or not the Staphylococcus binant polypeptide, a natural polypeptide or a synthetic 

aureus genes identified herein in whole or in part are polypeptide. In certain preferred embodiments it is a recom- 

transcribed in infected tissue. It is recognized that such binant polypeptide. 

sequences will also have utility in diagnosis of the stage of The fragment, derivative or analog of the polypeptide of 

infection and type of infection the pathogen has attained. 15 FIG. 2 (SEQ ID NO: 2) may be (i) one in which one or more 

The polynucleotides may encode a polypeptide which is of the amino acid residues are substituted with a conserved 
the mature protein plus additional amino or carboxyl- or non-conserved amino acid residue (preferably a con- 
terminal amino acids, or amino acids interior to the mature served amino acid residue) and such substituted amino acid 
polypeptide (when the mature form has more than one residue may or may not be one encoded by the genetic code, 
polypeptide chain, for instance). Such sequences may play a 20 or (ii) one in which one or more of the amino acid residues 
role in processing of a protein from precursor to a mature includes a substituent group, or (iii) one in which the mature 
form, may allow protein transport, may lengthen or shorten polypeptide is fused with another compound, such as a 
protein half-life or may facilitate manipulation of a protein compound to increase the half-life of the polypeptide (for 
for assay or production, among other things. As generally is example, polyethylene glycol), or (iv) one in which the 
the case, in vivo, the additional amino acids may be pro- 25 additional amino acids are fused to the mature polypeptide, 
cesscd away from the mature protein by cellular enzymes. such as a leader or secretory sequence or a sequence which 

A precursor protein, having the mature form of the is employed for purification of the mature polypeptide or a 
polypeptide fused to one or more prosequences may be an proprotein sequence. Such fragments, derivatives and ana- 
inactive form of the polypeptide. When prosequences are logs are deemed to be obtained by those of ordinary skill in 
removed such inactive precursors generally are activated. 30 the art, from the teachings herein. 
Some or all of the prosequences may be removed before Among the particularly preferred embodiments of the 
activation. Generally, such precursors are called proproteins. invention in this regard are polypeptides having the amino 

In sum, a polynucleotide of the present invention may acid sequence of Staphylococcal Topoisomerase III set out 

encode a mature protein, a mature protein plus a leader in FIG. 2 (SEQ ID NO: 2), variants, analogs, derivatives and 

sequence (which may be referred to as a preprotein), a 35 fragments thereof, and variants, analogs and derivatives of 

precursor of a mature protein having one or more prose- the fragments. 

quences which are not the leader sequences of a preprotein, Among preferred variants arc those that vary from a 

or a preproprotein, which is a precursor to a proprotein, reference by conservative amino acid substitutions. Such 

having a leader sequence and one or more prosequences, substitutions are those that substitute a given amino acid in 

which generally are removed during processing steps that 40 a polypeptide by another amino acid of like characteristics, 

produce active and mature forms of the polypeptide. Typically seen as conservative substitutions are the 

Deposited materials replacements, one for another, among the aliphatic amino 

Staphylococcus aureus WCUH 29 was deposited at the acids Ala, Val, Leu and He; interchange of the hydroxyl 

National Collection of Industrial and Marine Bacteria Ltd. residues Ser and Thr, exchange of the acidic residues Asp 

(NCIMB), 23 St. Machar Drive, Aberdeen, Scotland under 45 and Glu, substitution between the amide residues Asn and 

number NCIMB 40771 on Sep. 11, 1995. Gin, exchange of the basic residues Lys and Arg and 

The deposit has been made under the terms of the Budap- replacements among the aromatic residues Phe, Tyr. 

est Treaty on the International Recognition of the Deposit of Further particularly preferred in this regard are variants, 

Micro-organisms for Purposes of Patent Procedure. The analogs, derivatives and fragments, and variants, analogs 

strain will be irrevocably and without restriction or condi- 50 and derivatives of the fragments, having the amino acid 

tion released to the public upon the issuance of a patent. The sequence of the Topoisomerase III polypeptide of FIG. 2 

deposit is provided merely as convenience to those of skill (SEQ ID NO: 2), in which several, a few, 5 to 10, 1 to 5, 1 

in the art and is not an admission that a deposit is required to 3, 2, 1 or no amino acid residues are substituted, deleted 

for enablement, such as that required under 35 U.S.C. §112. or added, in any combination. Especially preferred among 

The sequence of the polynucleotides contained in the 55 these are silent substitutions, additions and deletions, which 

deposited material, as well as the amino acid sequence of the do not alter the properties and activities of the Topoi- 

polypeptide encoded thereby, are controlling in the event of somerase III. Also especially preferred in this regard are 

any conflict with any description of sequences herein. conservative substitutions. Most highly preferred are 

A license may be required to make, use or sell the polypeptides having the amino acid sequence of FIG. 2 

deposited materials, and no such license is hereby granted. 60 (SEQ ID NO: 2) without substitutions. 

Polypeptides The polypeptides and polynucleotides of the present 

The present invention further relates to a bacterial Topoi- invention are preferably provided in an isolated form, and 

somerase III polypeptide that has the deduced amino acid preferably are purified to homogeneity, 

sequence of FIG. 2 (SEQ ID NO: 2). The polypeptides of the present invention include the 

The invention also relates to fragments, analogs and 65 polypeptide of FIG. 2 (SEQ ID NO: 2), in particular the 

derivatives of these polypeptides. The terms "fragment," mature polypeptide as well as polypeptides which have at 

"derivative" and "analog" when referring to the polypeptide least 80% identity to the polypeptide of FIG. 2 (SEQ ID NO: 
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2) and preferably at least 90% similarity (more preferably at 
least 90% ideotity) to the polypeptide of FIG. 2 (SEQ ID 
NO: 2) and more preferably at least 95% similarity; and still 
more preferably at least 95% identity to the polypeptide of 
FIG. 2 (SEQ ID NO: 2) and also include portions of such 5 
polypeptides with such portion of the polypeptide generally 
containing at least 30 contiguous amino acids and more 
preferably at least 50 contiguous amino acids. 

Fragments or portions of the polypeptides of the present 
invention may be employed for producing the corresponding 10 
full-length polypeptide by peptide synthesis; therefore, the 
fragments may be employed as intermediates for producing 
the full-length polypeptides. Fragments or portions of the 
polynucleotides of the present invention may be used to 
synthesize full-length polynucleotides of the present invcn- is 
lion. 

Fragments 

Also among preferred embodiments of this aspect of the 
present invention are polypeptides comprising fragments of 
Topoisomerase III, most particularly fragments of Topoi- 20 
somerase III having the amino acid set out in FIG. 2 (SEQ 
ID NO: 2), and framnts of variants and derivatives of the 
Topoisomerase III of FIG. 2 (SEQ ID NO: 2). 

In this regard a fragment is a polypeptide having an amino 
acid sequence that entirely is the same as part but not all of 25 
the amino acid sequence of the aforementioned Topoi- 
somerase III polypeptides and variants or derivatives 
thereof. 

Such fragments may be "free-standing," i.e., not part of or 
fused to other amino acids or polypeptides, or they may be 30 
comprised within a larger polypeptide of which they form a 
part or region. When comprised within a larger polypeptide, 
the presently discussed fragments most preferably form a 
single continuous region. However, several fragments may 
be comprised within a single larger polypeptide. For 35 
instance, certain preferred embodiments relate to a fragment 
of a Topoisomerase III polypeptide of the present comprised 
within a precursor polypeptide designed for expression in a 
host and having heterologous pre and pro-polypeptide 
regions fused to the amino terminus of the Topoisomerase III 
fragment and an additional region fused to the carboxyl 
terminus of the fragment. Therefore, fragments in one aspect 
of the meaning intended herein, refers to the portion or 
portions of a fusion polypeptide or fusion protein derived 
from Topoisomerase III. 

Representative examples of polypeptide fragments of the 
invention, include, for example, may be mentioned those 
which have from about 5-15, 10-20, 15-40, 30-55, 41-75, 
41^80, 41-90, 50-100, 75-100, 90-115, 100-125, and 
110-140, 120-150, 200-300, 1-175 or 1-711 amino acids 
long. 

In this context about includes the particularly recited 
range and ranges larger or smaller by several, a few, 5, 4, 3, 
2 or 1 amino acid at either extreme or at both extremes. 

Among especially preferred fragments of the invention 
arc truncation mutants of Topoisomerase III. Truncation 
mutants include Topoisomerase III polypeptides having the 
•amino acid sequence of FIG. 2 (SEQ ID NO: 2), or of 
variants or derivatives thereof, except for deletion of a 
continuous series of residues (that is, a continuous region, 
part or portion) that includes the amino terminus, or a 
continuous series of residues that includes the carboxyl 
terminus or, as in double truncation mutants, deletion of two 
continuous series of residues, one including the amino 
terminus and one including the carboxyl terminus. Frag- 
ments having the size ranges set out above also are preferred 
embodiments of truncation fragments, which are especially 
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preferred among fragments generally. Degradation forms of 
the polypeptides of the invention in a host cell are also 
preferred. 

Also preferred in this aspect of the invention are frag- 
ments characterized by structural or functional attributes of 
Topoisomerase III. Preferred embodiments of the invention 
in this regard include fragments that comprise alpha -helix 
and alpha-helix forming regions ("alpha-regions"), beta- 
sheet and beta-sheet-forming regions ("beta-regions'O, turn 
and turn-forming regions ("turn-regions"), coil and coil- 
forming regions ("coil-regions"), hydrophilic regions, 
hydrophobic regions, alpha amphipathic regions, beta 
amphipathic regions, flexible regions, surface -forming 
regions and high antigenic index regions of Topoisomerase 
III. 

Further preferred regions are those that mediate activities 
of Topoisomerase III. Most highly preferred in this regard 
are fragments that have a chemical, biological or other 
activity of Topoisomerase III, including those with a similar 
activity or an improved activity, or with a decreased unde- 
sirable activity. Routinely one generates the fragment by 
well-known methods then compares the activity of the 
fragment to nature Topoismerase I in a convenient assay 
such as listed hereinbelow. Highly preferred in this regard 
are fragments that contain regions that are homologs in 
sequence, or in position, or in both sequence and to active 
regions of related polypeptides, such as the related polypep- 
tides set out in FIG. 2 (SEQ ID NO: 2), which include E. coli 
topoisomerase III and //. influenzae topoisomerase III. 
Among particularly preferred fragments in these regards are 
truncation mutants, as discussed above. Further preferred 
polynucelotide fragments are those that are antigenic or 
immunogenic in an animal, especially in a human. 

It will be appreciated that the invention also relates to, 
among others, polynucleotides encoding the aforementioned 
fragments, polynucleotides that hybridize to polynucleotides 
encoding the fragments, particularly those that hybridize 
under stringent conditions, and polynucleotides, such as 
PCR primers, for amplifying polynucleotides that encode 
the fragments. In these regards, preferred polynucleotides 
are those that correspondent to the preferred fragments, as 
discussed above. 
Vectors, host cells, expression 

The present invention also relates to vectors which com- 
prise a polynucleotide or polynucleotides of the present 
invention, host cells which are genetically engineered with 
vectors of the invention and the production of polypeptides 
of the invention by recombinant techniques. 

Host cells can be genetically engineered to incorporate 
polynucleotides and express polypeptides of the present 
invention. Introduction of a polynucleotides into the host 
cell can be affected by calcium phosphate transfection, 
DEAE-dextran mediated transfection, transvection, 
microinjection, cationic lipid-mediated transfection, 
electroporation, transduction, scrape loading, ballistic 
introduction, infection or other methods. Such methods are 
described in many standard laboratory manuals, such as 
Davis et al., BASIC METHODS IN MOLECULAR 
BIOLOGY, (1986) and Sambrook et al., MOLECULAR 
CLONING: A LABORATORY MANUAL, 2nd Ed., Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. 
(1989). 

Polynucleotide constructs in host cells can be used in a 
conventional manner to produce the gene product encoded 
by the recombinant sequence. Alternatively, the polypep- 
tides of the invention can be synthetically produced by 
conventional peptide synthesizers. 
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Mature proteins can be expressed in mammalian cells, including, for instance, a promoter to direct mRNA tran- 

yeast, bacteria, or other cells under the control of appropriate scriptioo. Representatives of such promoters include, but are 

promoters. Cell-free translation systems can also be not limited to, the phage lambda PL promoter, the E.coliUc, 

employed to produce such proteins using RNAs derived trp and tac promoters, the SV40 early and late promoters and 

from the DNA constructs of the present invention. Appro- 5 promoters of retroviral LTRs. 

priate cloning and expression vectors for use with prokary- In general, expression constructs will contain sites for 

otic and eukaryotic hosts are described by Sambrook et al., transcription initiation and termination, and, in the tran- 

MOLECULAR CLONING: A LABORATORY MANUAL, 2nd scribed region, a ribosome binding site for translation. The 

Ed., Cold Spring Harbor Laboratory Press, Cold Spring coding portion of the mature transcripts expressed by the 

Harbor, N.Y. (1989). 10 constructs will include a translation initiating AUG al the 

In accordance with this aspect of the invention the vector beginning and a termination codon appropriately positioned 

may be, for example, a plasmid vector, a single or double- at the end of the polypeptide to be translated, 

stranded phage vector, a single or double-stranded RNA or In addition, the constructs may contain control regions 

DNA viral vector. Plasmids generally are designated herein that regulate as well as engender expression. Generally, in 

by a lower case p preceded and/or followed by capital letters 15 accordance with many commonly practiced procedures, 

and/or numbers, in accordance with standard naming con- such regions will operate by controlling transcription, such 

ventions that are familiar to those of skill in the art. Starting as transcription factors, repressor binding sites and 

plasmids disclosed herein are either commercially available, termination, among others. 

publicly available, or can be constructed from available Vectors for propagation and expression generally will 

plasmids by routine application of well known, published 20 include selectable markers and amplification regions, such 

procedures. Many plasmids and other cloning and expres- as, for example, those set forth in Sambrook et al., 

sion vectors that can be used in accordance with the present MOLECULAR CLONING, A IABORATORY MANUAL, 2nd 

invention are well known and readily available to those of Ed.; Cold Spring Harbor Laboratory Press, Cold Spring 

skill in the art. Harbor, N.Y. (1989). 

Preferred among vectors, in certain respects, are those for 25 Representative examples of appropriate hosts include 

expression of polynucleotides and polypeptides of the bacterial cells, such as streptococci, staphylococci, E. coli, 

present invention. Generally, such vectors comprise cis- streptomyces and Bacillus subtiiis cells; fungal cells, such as 

acting control regions effective for expression in a host yeast cells and Aspergillus cells; insect cells such as Droso- 

operatively linked to the polynucleotide to be expressed. phila S2 and Spodoptera Sf9 cells; animal cells such as 

Appropriate trans-acting factors either are supplied by the 30 CHO, COS, HeLa, CI 27, 3T3, BHK, 293 and Bowes 

host, supplied by a complementing vector or supplied by the melanoma cells; and plant cells. 

vector itself upon introduction into the host. The following vectors, which are commercially available, 

In certain preferred emboimenls in this regard, the vectors are provided by way of example. Among vectors preferred 

provide for specific expression. Such specific expression for use in bacteria are pQE70, pQE60 and pQE9, available 

may be inducible expression or expression only in certain 35 from Qiagen; pBS vectors, Phagescript vectors, Bluescript 

types of cells or both inducible and cell-specific. Particularly vectors, pNH8A, pNH16a, pNH18A pNH46A, available 

preferred among inducible vectors are vectors that can be from Stratagene; and ptrc99a, pKK223-3, pKK233-3, 

induced for expression by environmental factors that are pDR540, pRITS available from Pharmacia, and pBR322 

easy to manipulate, such as temperature and nutrient addi- (ATCC 37017). Among preferred eukaryotic vectors are 

tives. A variety of vectors suitable to this aspect of the 40 pWLNEO, pSV2CAT, pOG44, pXTl and pSG available 

invention, including constitutive and inducible expression from Stratagene; and pSVK3, pBPV, pMSG and pSVL 

vectors for use in prokaryotic and eukaryotic hosts, are well available from Pharmacia. These vectors are listed solely by 

known and employed routinely by those of skill in the art. way of illustration of the many commercially available and 

A great variety of expression vectors can be used to well known vectors that are available to those of skill in the 

express a polypeptide of the invention. Such vectors include, 45 art for use in accordance with this aspect of the present 

among others, chromosomal, episomal and virus-derived invention. It will be appreciated that any other plasmid or 

vectors, e.g., vectors derived from bacterial plasmids, from vector suitable for, for example, introduction, maintenance, 

bacteriophage, from transposons, from yeast episomes, from propagation or expression of a polynucleotide or polypep- 

inscrtion elements, from yeast chromosomal elements, from tide of the invention in a host may be used in this aspect of 

viruses such as baculoviruses, papova viruses, such as so the invention. 

SV40, vaccinia viruses, adenoviruses, fowl pox viruses, Promoter regions can be selected from any desired gene 
pseudorabies viruses and retroviruses, and vectors derived using vectors that contain a reporter transcription unit lack- 
from combinations thereof, such as those derived from ing a promoter region, such as a chloramphenicol acetyl 
plasmid and bacteriophage genetic elements, such as transferase ("CAT") transcription unit, downstream of 
cosmids and phagemids, all may be used for expression in 55 restriction site or sites for introducing a candidate promoter 
accordance with this aspect of the present invention. fragment; i.e., a fragment that may contain a promoter. As is 
Generally, any vector suitable to maintain, propagate or well known, introduction into the vector of a promoter- 
express polynucleotides to express a polypeptide in a host containing fragment at the restriction site upstream of the cat 
may be used for expression in this regard. gene engenders production of CAT activity, which can be 

The appropriate DNA sequence may be inserted into the 60 detected by standard CAT assays. Vectors suitable to this end 

vector by any of a variety of well-known and routine are well known and readily available, such as pKK232-8 and 

techniques, such as, for example, those set forth in Sam- pCM7. Promoters for expression of polynucleotides of the 

brook et al., MOLECULAR CLONING, A LABORATORY present invention include not only well known and readily 

MANUAL, 2nd Ed.; Cold Spring Harbor Laboratory Press, available promoters, but also promoters that readily may be 

Cold Spring Harbor, N.Y. (1989). 65 obtained by the foregoing technique, using a reporter gene. 

The DNA sequence in the expression vector is operatively Among known prokaryotic promoters suitable for expres- 

linked to appropriate expression control sequence(s), sion of polynucleotides and polypeptides in accordance with 
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the present invention are the E. coli lad and lacZ and Microbial cells employed in expression of proteins can be 

promoters, the T3 and T7 promoters, the gpt promoter, the disrupted by any convenient method, including freeze-thaw 

lambda PR, PL promoters and the trp promoter. cycling, sonication, mechanical disruption, or use of cell 

Among known eukaryotic promoters suitable in this lysing agents, such methods are well know to those skilled 

regard are the CMV immediate early promoter, the HSV 5 in the art. 

thymidine kinase promoter, the early and late SV40 Mammalian expression vectors may comprise an origin of 

promoters, the promoters of retroviral LTRs, such as those replication, a suitable promoter and enhancer, and also any 

of the Rous sarcoma virus ("RSV"), and metallothionein necessary ribosome binding sites, polyadenylation sites, 

promoters, such as the mouse metal lothionein-I promoter. splice donor and acceptor sites, transcriptional termination 

Recombinant expression vectors will include, for io sequences, and 5' flanking non-transcribed sequences that 

example, origins of replication, a promoter preferably are necessary for expression. In certain preferred embodi- 

derived from a highly-expressed gene to direct transcription ments in this regard DNA sequences derived from the SV40 

of a downstream structural sequence, and a selectable splice sites, and the SV40 polyadenylation sites are used for 

marker to permit isolation of vector containing cells after required non-transcribed genetic elements of these types, 

exposure to the vector. 15 Topoisomerase III polypeptide can be recovered and 

Polynucleotides of the invention, encoding the heterolo- purified from recombinant cell cultures by well-known 
gous structural sequence of a polypeptide of the invention methods including ammonium sulfate or ethanol 
generally will be inserted into the vector using standard precipitation, acid extraction, anion or cation exchange 
techniques so that it is operably linked to the promoter for chromatography, phosphocellulose chromatography, hydro- 
expression. The polynucleotide will be positioned so that the 20 phobic interaction chromatography, affinity 
transcription start she is located appropriately 5' to a ribo- chromatography, hydroxylapatite chromatography and lec- 
some binding site. The ribosome binding site will be 5' to the tin chromatography. Most preferably, high performance liq- 
AUG that initiates translation of the polypeptide to be uid chromatography ("HPLC") is employed for purification, 
expressed. Generally, there will be no other open reading Well known techniques for refolding protein may be 
frames that begin with an initiation codon, usually AUG, and 25 employed to regenerate active conformation when the 
lie between the ribosome binding site and the initiation polypeptide is denatured during isolation and or purification, 
codon. Also, generally, there will be a translation stop codon Polypeptides of the present invention include naturally 
at the end of the polypeptide and there will be a polyade- purified products, products of chemical synthetic 
nylation signal in constructs for use in eukaryotic hosts. procedures, and products produced by recombinant tech- 
Transcription termination signal appropriately disposed at 30 niques from a prokaryotic or eukaryotic host, including, for 
the 3' end of the transcribed region may also be included in example, bacterial, yeast, higher plant, insect and mamma- 
the polynucleotide construct. lian cells. Depending upon the host employed in a recom- 

For secretion of the translated protein into the lumen of binant production procedure, the polypeptides of the present 

the endoplasmic reticulum, into the periplasmic space or invention may be glycosylated or may be non -glycosylated, 

into the extracellular environment, appropriate secretion 35 In addition, polypeptides of the invention may also include 

signals may be incorporated into the expressed polypeptide. an initial modified methionine residue, in some cases as a 

These signals may be endogenous to the polypeptide or they result of host-mediated processes. 

may be heterologous signals. Topoisomerase III polynucleotides and polypeptides may 
The polypeptide may be expressed in a modified form, be used in accordance with the present invention for a 
such as a fusion protein, and may include not only secretion 40 variety of applications, particularly those that make use of 
signals but also additional heterologous functional regions. the chemical and biological properties of Topoisomerase III. 
Thus, for instance, a region of additional amino acids, Additional applications relate to diagnosis and to treatment 
particularly charged amino acids, may be added to the N- or of disorders of cells, tissues and organisms. These aspects of 
C-terminus of the polypeptide to improve stability and the invention are illustrated further by the following discus- 
persistence in the host cell, during purification or during 45 sion. 
subsequent handling and storage. Also, region also may be Polynucleotide assays 

added to the polypeptide to facilitate purification. Such This invention is also related to the use of the Topoi- 

regions may be removed prior to final preparation of the somerase III polynucleotides to detect complementary poly- 

polypeplide. The addition of peptide moieties to polypcp- nucleotides such as, for example, as a diagnostic reagent, 

tides to engender secretion or excretion, to improve stability 50 Detection of a bacterial Topoisomerase HI in a eukaryote, 

or to facilitate purification, among others, are familiar and particularly a mammal, and especially a human, will provide 

routine techniques in the art. A preferred fusion protein a diagnostic method that can add to, define or allow a 

comprises a heterologous region from immunoglobulin that diagnosis of a disease. Eukaryotes (herein also "individual 

is useful to solubilize or purify polypeptides. For example, (s)")t particularly mammals, and especially humans, 

EP-A-0 464 533 (Canadian counterpart 2045869) discloses 55 infected by a Topoisomerase III producing bacterium may be 

fusion proteins comprising various portions of constant delected at the DNAor RNA level by a variety of techniques, 

region of immunoglobulin molecules together with another Nucleic acids for diagnosis may be obtained from an indi- 

protein or part thereof. In drug discovery, for example, vidual's cells and tissues, such as bone, blood, muscle, 

proteins have been fused with antibody Fc portions for the cartilage, and skin. Tissue biopsy and autopsy material is 

purpose of high-throughput screening assays to identify 60 also preferred for samples from an individual to use in a 

antagonists. See, D. Bennett et al., Journal of Molecular diagnostic assay. The bacterial DNA may be used directly 

Recognition, 8: 52-58 (1995) and K. Johanson et al., The for detection or may be amplified enzymatically by using 

Journal of Biological Chemistry, 270, (16): 9459-9471 PCR prior to analysis. PCR (Saiki et al., Nature 324: 

(1995). 163-166 (1986)). RNA or cDNA may also be used in the 

Cells typically then are harvested by centrifugation, dis- 65 same ways. As an example, PCR primers complementary to 

nip ted by physical or chemical means, and the resulting the nucleic acid encoding Topoisomerase III can be used to 

crude extract retained for further purification. identify and analyze Topoisomerase III presence and expres- 
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sion. Using PCR, characterization of the strain of prokaryote PCR. Examples of such primers include, but are not limited 

present in a eukaryote, particularly a mammal, and espe- to, 5'-TAAAAGAACGTATGAGAAAG-3' [SEQ ID NO:4] 

cially a human, may be made by an analysis of the genotype (upper primer) and 

of the prokaryote gene. For example, deletions and inser- 5'-AAAAACAATACCAAAAGCGAACT-3' [SEQ ID 

tions can be detected by a change in size of the amplified 5 NO:5 3 (lower primer). For example, deletions and insertions 

product in comparison to the genotype of a reference can be detected by a change in size of the amplified product 

sequence. Point mutations can be identified by hybridizing " comparison to the normal genotype. Point mutations can 

amplified DNA to radiolabeled Topoisomerase III RNA or be identified by hybridizing amplified DNA to radiolabeled 

alternatively, radiolabeled Topoisomerase III antisenseDNA or alternatively, radiolabeled antisense DNA 

sequences. Perfectly matched sequences can be distin- 10 ^TZt' ? Sft T!i? 

by differences in melting temperatures. £ ^ fof ampUfying \ opo ^ merase „, cDNA isolated 

Sequence differences between a reference gene and genes from a , 6 J^/jf ^ an individuaL ^ invenlion 

having mutations also may be revealed by direct DNA also provides such primers witQ j 2 , 3 or 4 nucleotides 

sequencmg. In addition, cloned DNA segments may be 15 rem oved from the 5' and/or the 3' end. The primers may be 

employed as probes to detect specific DNA segments. The used to amplify the gene isolated from the individual such 

sensitivity of such methods can be greatly enhanced by that the gene may then be subject to various techniques for 

appropriate use of PCR or another amplification method. For elucidation of the DNA sequence. In this way, mutations in 

example, a sequencing primer is used with double -stranded the DNA sequence may be detected. 

PCR product or a single-stranded template molecule gener- 20 Polypeptide assays 

ated by a modified PCR. The sequence determination is The present invention also relates to a diagnostic assays 

performed by conventional procedures with radiolabeled such as quantitative and diagnostic assays for detecting 

nucleotide or by automatic sequencing procedures with levels of Topoisomerase III protein in cells and tissues, 

fluorescent-tags. including determination of normal and abnormal levels. 

Genetic typing of various strains of bacteria based on 25 Thus, for instance, a diagnostic assay in accordance with the 

DNA sequence differences may be achieved by detection of invention for detecting expression of Topoisomerase III 

alteration in electrophoretic mobility of DNA fragments in protein compared to normal control tissue samples may be 

gels, with or without denaturing agents. Small sequence used to detect the presence of an infection. Assay techniques 

deletions and insertions can be visualized by high resolution that can be used to determine levels of a protein, such as an 

gel electrophoresis. DNA fragments of different sequences 30 Topoisomerase III protein of the present invention, in a 

may be distinguished on denaturing formamide gradient gels sample derived from a host are well-known to those of skill 

in which the mobilities of different DNA fragments are in the art. Such assay methods include radioimmunoassays, 

retarded in the gel at different positions according to their competitive-binding assays, Western Blot analysis and 

specific melting or partial melting temperatures (see, e.g., ELISA assays. Among these ELISAs frequently are pre- 

Myers et al., Science, 230: 1242 (1985)). 35 ferred. An ELISA assay initially comprises preparing an 

Sequence changes at specific locations also may be antibody specific to Topoisomerase III, preferably a mono- 
revealed by nuclease protection assays, such as RNase and clonal antibody. In addition a reporter antibody generally is 
SI protection or the chemical cleavage method (e.g., Cotton prepared which binds to the monoclonal antibody. The 
et &\.,Proc. Nat'LAcad Sci., USA, 85: 4397-4401 (1985)). reporter antibody is attached a detectable reagent such as 

Thus, the detection of a specific DNA sequence may be 40 radioactive, fluorescent or enzymatic reagent, in this 

achieved by methods such as hybridization, RNase example horseradish peroxidase enzyme, 

protection, chemical cleavage, direct DNAsequencing or the Antibodies 

use of restriction enzymes, (e.g., restriction fragment length The polypeptides, their fragments or other derivatives, or 

polymorphisms ("RFLP") and Southern blotting of genomic analogs thereof, or cells expressing them can be used as an 

DNA. 45 immunogen to produce antibodies thereto. The present 

In addition to more conventional gel-electrophoresis and invention includes, for examples monoclonal and polyclonal 

DNAsequencing, mutations also can be detected by in situ antibodies, chimeric, single chain, and humanized 

analysis. antibodies, as well as Fab fragments, or the product of an 

Cells carrying mutations or polymorphisms in the gene of Fab expression library, 

the present invention may also be detected at the DNA level 50 Antibodies generated against the polypeptides corre- 

by a variety of techniques, to allow for serotyping, for sponding to a sequence of the present invention can be 

example. Nucleic acids for diagnosis may be obtained from obtained by direct injection of the polypeptides into an 

an infected individual's cells, including but not limited to animal or by administering the polypeptides to an animal, 

blood, urine, saliva, tissue biopsy and autopsy material or preferably a nonhuman. The antibody so obtained will then 

from bacteria isolated and cultutered from the above 55 bind the polypeptides itself. In this manner, even a sequence 

sources. The bacterial DNA may be used directly for detec- encoding only a fragment of the polypeptides can be used to 

tion or may be amplified enzymatically by using PCR (Saiki generate antibodies binding the whole native polypeptides, 

et al., Nature, 324:163-166 (1986)) prior to analysis. Such antibodies can then be used to isolate the polypeptide 

RT-PCR can also be used to detect mutations. It is partial- from tissue expressing that polypeptide, 

larly preferred to used RT-PCR in conjunction with auto- 60 For preparation of monoclonal antibodies, any technique 

mated detection systems, such as, for example, GeneScan. known in the art which provides antibodies produced by 

RNA or cDNA may also be used for the same purpose, PCR continuous cell line cultures can be used. Examples include 

or RT-PCR. As an example, PCR primers complementary to various techniques, such as those in Kohler, G. and Milstein, 

the nucleic acid encoding Topoisomerase HI can be made C, Nature 256: 495^97 (1975); Kozbor et al, Immunology 

using known methods and used to identify and analyze 65 Today 4: 72 (1983); Cole et al., pg. 77-96 in MONO- 

mutations. They may also be used to obtained full length CLONAL ANTIBODIES AND CANCER THERAPY, Alia R. 

gene sequence using known methods, such as, for example, Liss, Inc. (1985). 
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Techniques described for the production of single chain thorpe et a\.,Hum. Gene Ther. 1963:4: 419 (1963), delivery 

antibodies (U.S. Pat. No. 4,946,778) can be adapted to of DNA complexed with specific protein carriers (Wu et al., 

produce single chain antibodies to immunogenic polypep- J. Biol. Chem. 264:16985 (1989), coprecipitation of DNA 

tide products of this invention. Also, transgenic mice, or with calcium phosphate (Benvenisty and Reshef, Proc. 

other organisms such as other mammals, may be used to 5 Nat'l Acad. Sci. (USA),: 83; 95 51 (1986), encapsulation of 

express humanized antibodies to immunogenic polypeptide DNA in various forms of liposomes (Kaneda et al., Science 

products of this invention. 243:375 ( 1989 )« P^ cl& bombardment (Tang et al., Nature, 

P Alternatively phage display technology could be utilized 0 992 ) 356:152, e < al - ™* ™ l « 12: ™ 

to select antibody genes with binding activities towards the * 993 ) f ™ 'jf**? n ^^(SfSS ^gSf 

i -.1 c • r ny-n i-r * ~ (Seeger et al.. Proc. Nat 1 Acad. Sci. (USA) 81:5849 (1984). 

polypept.de either from repertoires of PGR amplified 10 Vopoisomerase III binding molecules and assays 

v-genes of lymphocytes from humans screened for possess- ^ ^ fl melhod fof identification of 

uig ^^ afmi^lAmpM^ttf, J. et al., molecules> such ^ bioding mo i eC ules, that bind Topoi- 

Nature 348, 552-554 (1990); Marks, J. et al., Biotechnology m . G enes encoding proteins that bind Topoi- 

10: 779-783 (1992). The affinity of these antibodies can also so mcrase m , suc h as binding proteins, can be identified by 

be improved by chain shuffling (Clackson, T. et al, Nature is numerous methods known to those of skill in the art, for 

352, 624-628 (1991). example, ligand panning and FACS sorting. Such methods 

If two antigen binding domains are present each domain are described in many laboratory manuals such as, for 

may be directed against a different epitope— termed 'bispe- instance, Coligan et al., Current Protocols in Immunology 

cific' antibodies. 1(2): Chapter 5 (1991). 

The above-described antibodies may be employed to 20 For instance, expression cloning may be employed for 

isolate or to identify clones expressing the polypeptide or this purpose. To this end polyadenylated RNA is prepared 

purify the polypeptide of the present invention by attach- from a cell expressing Topoisomerase HI, a cDNA library is 

ment of the antibody to a solid support for isolation and/or created from this RNA, the library is divided into pools and 

purification by affinity chromatography. the pools are transfected individually into cells that are not 

Thus among others, antibodies against Topoisomerase III 25 expressing to Topoisomerase III. The transfected cells then 

may be employed to inhibit and/or treat infections, partial- are exposed to labeled Topoisomerase III. Topoisomerase III 

larly bacterial infections, and especially Staphylococcal can be labeled by a variety of well-known techniques 

infections as well as to monitor the effectiveness of antibi- including standard methods of radio-iodination or inclusion 

otic treatment. of a recognition site for a site-specific protein kinase.) 

Polypeptide derivatives include antigenically, epitopically 30 Following exposure, the cells are fixed and binding of 

or immunologically equivalent derivatives which form a Topoisomerase III is determined. These procedures conve- 

particular aspect of this invention. The term "antigenically niently are carried out on glass slides, 

equivalent derivative" as used herein encompasses a Pools are identified of cDNA that produced Topoi- 

polypeptide or its equivalent which will be specifically somerase Ill-binding cells. Sub-pools are prepared from 

recognized by certain antibodies which, when raised to the 35 these positives, transfected into host cells and screened as 

protein or polypeptide according to the present invention, described above. Using an iterative sub-pooling and 

interfere with the immediate physical interaction between re-screening process, one or more single clones that encode 

pathogen and mammalian host. The term "immunologically the putative binding molecule, such as a binding molecule, 

equivalent derivative" as used herein encompasses a peptide can be isolated. 

or its equivalent which when used in a suitable formulation 40 Alternatively a labeled ligand can be photo affinity linked 

to raise antibodies in a vertebrate, the antibodies act to to a cell extract, such as a membrane or a membrane extract, 

interfere with the immediate physical interaction between prepared from cells that express a molecule that it binds, 

pathogen and mammalian host. such as a binding molecule. Cross-linked material is 

The polypeptide, such as an antigenically or immunologi- resolved by polyacrylamide gel electrophoresis ("PAGE") 

cally equivalent derivative or a fusion protein thereof is used 45 and exposed to X-ray film. The labeled complex containing 

as an antigen to immunize a mouse or other animal such as the ligand-binding can be excised, resolved into peptide 

a rat or chicken. The fusion protein may provide stability to fragments, and subjected to protein microsequencing. The 

the polypeptide. The antigen may be associated, for example amino acid sequence obtained from microsequencing can be 

by conjugation, with an immunogenic carrier protein for used to design unique or degenerate oligonucleotide probes 

example bovine serum albumin (BSA) or keyhole limpet 50 to screen cDNA libraries to identity genes encoding the 

haemocyanin (KLH). Alternatively a multiple antigenic pep- putative binding molecule. 

tide comprising multiple copies of the protein or Polypeptides of the invention also can be used to assess 

polypeptide, or an antigenically or immunologically equiva- Topoisomerase III binding capacity of Topoisomerase III 

lent polypeptide thereof may be sufficiently antigenic to binding molecules, such as binding molecules, in cells or in 

improve immunogenicity so as to obviate the use of a carrier. 55 cell-free preparations. 

Preferably the antibody or derivative thereof is modified Polypep tides of the invention may also be used to assess 

to make it less immunogenic in the individual. For example, the binding or small molecule substrates and ligands in, for 

if the individual is human the antibody may most preferably example, cells, cell-free preparations, chemical libraries, 

be "humanised"; where the complimentarity determining and natural product mixtures. These substrates and ligands 

rcgion(s) of the hybridoma-derived antibody has been trans- 60 may be natural substrates and ligands or may be structural or 

planted into a human monoclonal antibody, for example as functional mi me tics. 

described in Jones, P. et al., Nature 321: 522-525 (1986)or Antagonists and Agonists — assays and molecules 

Tempest et al., Biotechnology 9: 266-273 (1991). As mentioned above, both increases and decreases in 

The use of a polynucleotide of the invention in genetic DNA density have been associated with bacterial responses 

immunization will preferably employ a suitable delivery 65 to environmental challenges. Accordingly, modulating, i.e., 

method such as direct injection of plasmid DNA into agonizing or antagonizing, the appropriate response could 

muscles (Wolff et al., Hum Mol Genet 1:363 (1992), Man- result in a potential antibiotic effect. 
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The invention also provides a method of screening com- converted into product, a reporter gene that is responsive to 

pounds to identify those which enhance or block the action changes in Topoisomerase III activity, and binding assays 

of Topoisomerase III on cells, such as its interaction with known in the art. 

substrate molecules, such as supercoiled DNA. Compounds Potential antagonists include small organic molecules, 

which block the action of Topoisomerase III on cells include 5 peptides, polypeptides and antibodies that bind to a polypep- 

those which act as poisons and stabilize Topoisomerase III tide of the invention and thereby inhibit or extinguish its 

in a covalent complex with DNA, resulting in an inhibitory activity, or stabilize the key covalent reaction intermediate 

effect on cell growth. An antagonist is a compound which with DNA. Potential antagonists also may be small organic 

decreases the natural biological functions of Topoisomerase molecules, a peptide, a polypeptide such as a closely related 

III. An agonist is a compound which increases the natural 10 protein or antibody that binds the same sites on a binding 

biological functions of Topoisomerase III. molecule, such as a binding molecule, without inducing 

Barrett et al,Antimicrob. Agents Chemother. 34:1 (1990) Topoisomerase Ill-induced activities, thereby preventing the 

review in-vitro assays which can be used to measure inhi- action of Topoisomerase III by excluding Topoisomerase III 

bit ion of topoisomerases. These assays can be categorized as from binding. 

catalytic assays and noncatalytic assays. Catalytic assays for 15 Potential antagonists include a small molecule which 

bacterial topoisomerase III include, for example, assays to binds to and occupies the binding site of the polypeptide 

measure the relaxation of supercoiled DNA. Noncatalytic thereby preventing binding to cellular binding molecules, 

assays, also known as 'cleavable complex' assays, measure such as binding molecules, such that normal biological 

the formation of a key covalent reaction intermediate. activity is prevented. Examples of small molecules include 

Froelich-Ammon and Osheroff J. Biol. Chem. 270:21429 20 but are not. limited to small organic molecules, peptides or 

(1995) review the mechanistic basis of noncatalytic assays pep tide-like molecules. 

of topoisomerase poisons. Other potential antagonists include antisense molecules. 

Supercoiled DNA relaxation assay Antisense technology can be used to control gene expression 

To screen for inhibitors of the relaxation reaction, a through antisense DNA or RNA or through double- or 

candidate inhibitor and a preparation of Topoisomerase III 2S triple-helix formation. Antisense techniques are discussed, 

are incubated with a supercoiled DNA substrate, for example for example, in — Okano, J. Neurochenm 56: 560 (1991); 

plasmid or phage DNA, in an appropriate buffer containing OLIGODEOXYNUCLEOTIDES AS ANTISENSE INHIBI- 

Mg 2 *, or an alternative divalent metal ion. Reaction prod- TORS OF GENE EXPRESSION, CRC Press, Boca Raton, 

ucts are separated by agarose gel electrophoresis, visualized Fla. (1988). Triple helix formation is discussed in, for 

by ethidium bromide staining, and quantified by densitom- 30 instance Lee at al., Nucleic Acids Research 6: 3073 (1979); 

etry. Cooney et al., Science 241: 456 (1988); and Dervan at al., 

DNA oligomer cleavage assay Science 251: 1360 (1991). The methods are based on bind- 

A single stranded DNA oligomer contaning appropriate ing of a polynucleotide to a complementary DNA or RNA. 

cleavage sites, for example the 22mer GAATGAGCCG- For example, the 5' coding portion of a polynucleotide that 

CAACTTCGGGAT (SEQ ID NO: 3), or an appropriately 35 encodes the mature polypeptide of the present invention may 

labelled derivative, may be used as substrate. An appropriate be used to design an antisense RNA oligonucleotide of from 

label may be a radiolabcl or a fluorescent chromophore about 10 to 40 base pairs in length. A DNA oligonucleotide 

attached at the 5' or 3' end of the oligo, according to the is designed to be complementary to a region of the gene 

specific assay used. The substrate is incubated with a can- involved in transcription thereby preventing transcription 

didate inhibitor and a preparation of Topoisomerase III, in an 40 and the production of Topoisomerase III. The antisense RNA 

appropriate buffer. The buffer may contain Mg 2+ or an oligonucleotide hybridizes to the MRNA in vivo and blocks 

alternative divalent metal ion. Mg 2 * is not essential for the translation of the MRNA molecule into Topoisomerase III 

cleavage reaction, although its inclusion may be desirable to polypeptide. The oligonucleotides described above can also 

facilitate the interaction of certain classes of inhibitors. The be delivered to cells such that the antisense RNA or DNA 

reaction is stopped by the addition of an appropriate 45 may be expressed in vivo to inhibit production of Topoi- 

denaturant, for example 1% SDS or 100 mM NaOH. Gen- somerase III. 

eration of the cleavable complex (stabilization of the key Preferred potential antagonists include compounds related 

covalent reaction intermediate) may be measured by a to and derivatives of each of the DNA sequences provided 

number of methods. For example, electrophoresis using a herein may be used in the discovery and development of 

denaturing polyacrylamide gel can be used to separate the 5' 50 antibacterial compounds. The encoded protein upon expres- 

labelled cleaved DNA product which may then be quantified sion can be used as a target for the screening of antibacterial 

by densitometry. Alternatively, the 3' labelled DNA product drugs. Additionally, the DNA sequences encoding the amino 

may be assayed by virtue of its covalent association with terminal regions of the encoded protein or Shine-Delgarno 

Topoisomerase III. This may be performed by the SDS/K or other translation facilitating sequences of the respective 

precipitation assay, in which radiolabeled DNA associated 55 mRNA can be used to construct antisense sequences to 

with precipitated protein is measured, or by a capture assay control the expression of the coding sequence of interest, 

format in which Topoisomerase HI is immobilized using an The antagonists and agonists of the invention may be 

antibody and the amount of associated labelled DNA is employed in a composition with a pharmaceutically accept- 

measured. able carrier, e.g., as hereinafter described. 

Whole cell assays 60 The antagonists and agonists may be employed for 

Topoisomerase Ill-like effects of potential agonists and instance to inhibit staphylococcal infections, 

antagonists and poisons, may by measured, for instance, by Vaccines 

determining activity of a reporter system that is sensitive to Another aspect of the invention relates to a method for 
alterations in gene expression following interaction of the inducing an immunological response in an individual, par- 
candidate molecule with a cell or appropriate cell prepara- 65 ticularly a mammal which comprises inoculating the indi- 
tion. Reporter systems that may be useful in this regard vidual with Topoisomerase III, or a antigenic fragment or 
include but are not limited to colorimelric labeled substrate variant thereof, adequate to produce antibody to protect said 
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individual from infection, particularly bacterial infection or organisms, such as a pharmaceutical carrier suitable for 

and most particularly Staphylococcal infection. Yet another administration to a subject. Such compositions comprise, for 

aspect of the invention relates to a method of inducing instance, a media additive or a therapeutically effective 

immunological response in an individual which comprises, amount of a polypeptide of the invention and a pharmaceu- 

through gene therapy, delivering gene encoding Topoi- 5 tically acceptable carrier or excipient. Such carriers may 

somerase HI, or a antigenic fragment or a variant thereof, for delude, but are not limiled to » saline, buffered saline, 

expressing Topoisomerase ID, or a fragment or a variant dextrose, water, glycerol, ethanol and combinations thereof, 

thereof in vivo in order to induce an immunological ^ formulation should suit the mode of administration. 

response to produce antibody to protect said individual from !£ . . . ,. . . 

disease io invention further relates to diagnostic and pharma- 

. c . . ... ceutical packs and kits comprising one or more containers 

A further aspect of the invention relates to an immuno- fiUed ^ Qne of more of ^ of the aforemen . 

logical composition which when introduced into a hos tioned sitions of tne mven ^ on . Associated with such 

capable or having induced within it an immunological ^mti^ can be a notice in the form prescribed by a 

response, induces an immunological response in such host to governmental agency regulating the manufacture, use or sale 

a Topoisomerase III or protein coded therefrom, wherein the 15 of pharmaceuticals or biological products, reflecting 

composition comprises a recombinant Topoisomerase III or approval by the agency of the manufacture, use or sale of the 

protein coded therefrom comprising DNA which codes for product for human administration, 

and expresses an antigen of said Topoisomerase III or Administration 

protein coded therefrom. Polypeptides and other compounds of the present inven- 

The Topoisomerase III or a fragment thereof may be fused 20 tion may be employed alone or in conjunction with other 

with co-protein which may not by itself produce antibodies, compounds, such as therapeutic compounds, 

but is capable of stabilizing the first protein and producing The pharmaceutical compositions may be administered in 

a fused protein which will have immunogenic and protective any effective, convenient manner including, for instance, 

properties. Thus fused recombinant protein, preferably fur- administration by topical, oral, anal, vaginal, intravenous, 

thcr comprises an antigenic co-protein, such as Glutathione- 25 intraperitoneal, intramuscular, subcutaneous, intranasal or 

S-transferase (GST) or beta-galactosidase, relatively large intradermal routes among others. 

co-proteins which solubilise the protein and facilitate pro- The pharmaceutical compositions generally are adminis- 

duction and purification thereof. Moreover, the co-protein tered in an amount effective for treatment or prophylaxis of 

may act as an adjuvant in the sense of providing a gener- a specific indication or indications. In general, the compo- 

alized stimulation of the immune system. The co-protein 30 sitions are administered in an amount of at least about 10 

may be attached to either the amino or carboxy terminus of /<g/kg body weight. In most cases they will be administered 

the first protein. in an amount not in excess of about 8 mg/kg body weight per 

The present invention also includes a vaccine formulation day. Preferably, in most cases, dose is from about 10 jUg/kg 

which comprises the immunogenic recombinant protein to about 1 mg/kg body weight, daily. It will be appreciated 

together with a suitable carrier. Since the protein may be 35 that optimum dosage will be determined by standard meth- 

broken down in the stomach, it is preferably administered ods for each treatment modality and indication, taking into 

parcntcrally, including, for example, administration that is account the indication, its severity, route of administration, 

subcutaneous, intramuscular, intravenous, or intradermal. complicating conditions and the like. 

Formulations suitable for parenteral administration include In therapy or as a prophylactic, the active agent may be 

aqueous and non -aqueous sterile injection solutions which 40 administered to an individual as an injectable composition, 

may contain antioxidants, buffers, bacteriostats and solutes for example as a sterile aqueous dispersion, preferably 

which render the formulation instonic with the bodily fluid, isotonic. 

preferably the blood, of the individual; and aqueous and Alternatively the composition may be formulated for 
non-aqueous sterile suspensions which may include sus- topical application for example in the form of ointments, 
pending agents or thickening agents. The formulations may 45 creams, lotions, eye ointments, eye drops, ear drops, 
be presented in unit-dose or multi-dose containers, for mouthwash, impregnated dressings and sutures and 
example, sealed ampoules and vials and may be stored in a aerosols, and may contain appropriate conventional 
freeze-dried condition requiring only the addition of the additives, including, for example, preservatives, solvents to 
sterile liquid carrier immediately prior to use. The vaccine assist drug penetration, and emollients in ointments and 
formulation may also include adjuvant systems for enhanc- 50 creams. Such topical formulations may also contain com- 
ing the immunogenicity of the formulation, such as oil-in patible conventional carriers, for example cream or ointment 
water systems and other systems known in the art. The bases, and ethanol or oleyl alcohol for lotions. Such carriers 
dosage will depend on the specific activity of the vaccine may constitute from about 1% to about 98% by weight of the 
and can be readily determined by routine experimentation. formulation; more usually they will constitute up to about 

Whilst the invention has been described with reference to 55 80% by weight of the formulation, 

certain Topoisomerase III, it is to be understood that this For administration to mammals, and particularly humans, 

covers fragments of the naturally occurring protein and it is expected that the daily dosage level of the active agent 

similar proteins (for example, having sequence homologies will be from 0.01 mg/kg to 10 mg/kg, typically around 1 

of 50% or greater) with additions, deletions or substitutions mg/kg. The physician in any event will determine the actual 

which do not substantially affect the immunogenic proper- 60 dosage which will be most suitable for an individual and will 

ties of the recombinant protein. vary with the age, weight and response of the particular 

Compositions individual. The above dosages are exemplary of the average 

The invention also relates to compositions comprising the case. There can, of course, be individual instances where 

polynucleotide or the polypeptides discussed above or the higher or lower dosage ranges are merited, and such are 

agonists or antagonists. Thus, the polypeptides of the present 65 within the scope of this invention. 

invention may be employed in combination with a non- In-dwelling devices include surgical implants, prosthetic 

sterile or sterile carrier or carriers for use with cells, tissues devices and catheters, i.e., devices that are introduced to the 
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body of an individual and remain in position for an extended 
time. Such devices include, for example, artificial joints, 
heart valves, pacemakers, vascular grafts, vascular catheters, 
cerebrospinal fluid shunts, urinary catheters, continuous 
ambulatory peritoneal dialysis (CAPD) catheters, etc. 

The composition of the invention may be administered by 
injection to achieve a systemic effect against relevant bac- 
teria shortly before insertion of an in-dwelling device. 
Treatment may be continued after surgery during the 
in-body time of the device. In addition, the composition 
could also be used to broaden perioperative cover for any 
surgical technique to prevent Staphylococcal wound infec- 
tions. 

Many orthopedic surgeons consider that humans with 
prosthetic joints should be considered for antibiotic prophy- 
laxis before dental treatment that could produce a bacter- 
aemia. Late deep infection is a serious complication some- 
times leading to loss of the prosthetic joint and is 
accompanied by significant morbidity and mortality. It may 
therefore be possible to extend the use of the active agent as 
a replacement for prophylactic antibiotics in this situation. 

In addition to the therapy described above, the composi- 
tions of this invention may be used generally as a wound 
treatment agent to prevent adhesion of bacteria to matrix 
proteins exposed in wound tissue and for prophylactic use in 
dental treatment as an alternative to, or in conjunction with, 
antibiotic prophylaxis. 

Alternatively, the composition of the invention may be 
used to bathe an indwelling device immediately before 
insertion. The active agent will preferably be present at a 
concentration of 1 /ig/ml to 10 mg/ml for bathing of wounds 
or indwelling devices. 

A vaccine composition is conveniently in injectable form. 
Conventional adjuvants may be employed to enhance the 
immune response. 

A suitable unit dose for vaccination is 0.5-5 microgram/ 
kg of antigen, and such dose is preferably administered 1-3 
times and with an interval of 1-3 weeks. 

With the indicated dose range, no adverse toxicological 
effects will be observed with the compounds of the invention 
which would preclude their administration to suitable indi- 
viduals. 

The antibodies described above may also be used as 
diagnostic reagents to detect the presence of bacteria con- 
taining Topoisomerase. 

Each reference disclosed herein is incorporated by refer- 
ence herein in its entirety. Any patent application to which 
this application claims priority is also incorporated by 
reference herein in its entirety. 

In order to facilitate understanding of the following 
example certain frequently occurring methods and/or terms 
will be described. 

EXAMPLES 

The present invention is further described by the follow- 
ing examples. The examples are provided solely to illustrate 
the invention by reference to specific embodiments. These 
exemplification's, while illustrating certain specific aspects 
of the invention, do not portray the limitations or circum- 
scribe the scope of the disclosed invention. 

Certain terms used herein are explained in the foregoing 
glossary. 

All examples were carried out using standard techniques, 
which are well known and routine to those of skill in the art, 
except where otherwise described in detail. Routine molecu- 
lar biology techniques of the following examples can be 
carried out as described in standard laboratory manuals, such 
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as Sambrook et al., MOLECULAR CLONING: A LABORA- 
TORY MANUAL, 2nd Ed.; Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, N.Y. (1989). 
All parts or amounts set out in the following examples are 

5 by weight, unless otherwise specified. 

Unless otherwise stated size separation of fragments in 
the examples below was carried out using standard tech- 
niques of agarose and polyacrylamide gel electrophoresis 
("PAGE")in Sambrook et al., MOLECULAR CLONING: A 

10 LABORATORY MANUAL, 2nd Ed., Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, N.Y. (1989) and 
numerous other references such as, for instance, by Goeddel 
et al., Nucleic Acids Res. 8: 4057 (1980). 

Unless described otherwise, ligations were accomplished 

J5 using standard buffers, incubation temperatures and times, 
approximately equimolar amounts of the DNA fragments to 
be ligated and approximately 10 units of T4 DNA ligase 
("ligase") per 0.5 microgram of DNA. 

The polynucleotide having the DNA sequence given in 
(SEQ ID NO: 1) was obtained from the sequencing of a 

20 library of clones of chromosomal DNA of Staphylococcus 
aureus WCUH 29 in E. coli. 

To obtain the polynucleotide encoding the Topoisomerase 
III protein using the DNA sequence given in (SEQ ID NO: 

25 1) typically a library of clones of chromosomal DNA of 
Staphylococcus aureus WCUH 29 in E. coli or some other 
suitable host is probed with a radiolabelled oligonucleotide, 
preferably a 17 mer or longer, derived from the partial 
sequence. Clones carrying DNAidcntical to that of the probe 

3Q can then be distinguished using high stringency washes. By 
sequencing the individual clones thus identified with 
sequencing primers designed from the original sequence it is 
then possible to extend the sequence in both directions to 
determine the full gene sequence. Conveniently such 

35 sequencing is performed using denatured double stranded 
DNA prepared from a plasmid clone. Suitable techniques are 
described by Maniatis, T, Fritsch, E. F. and Sambrook et al., 
MOLECULAR CLONING, A LABORATORY MANUAL, 2nd 
Ed.; Cold Spring Harbor Laboratory Press, Cold Spring 

w Harbor, N.Y. (1989). (sec Screening By Hybridization 1.90 
and Sequencing Denatured Double -Stranded DNA Tem- 
plates 13.70). 

Example 1 

Isolation of DNA coding for Novel Topoisomerase III Pro- 

45 tein from Staphylococcus aureus 

The polynucleotide having the DNA sequence given in 
(SEQ ID NO: 1) was obtained from a library of clones of 
chromosomal DNA of Staphylococcus aureus in E. coli. In 
some cases the sequencing data from two or more clones 

50 containing overlapping Staphylococcus aureus DNA was 
used to construct the contiguous DNA sequence in (SEQ ID 
NO: 1). Libraries may be prepared Libraries may be pre- 
pared by routine methods, for example, Methods 1 and 2 
below. 

55 Total cellular DNA is isolated from Staphylococcus 
aureus strain WCUH 29 according to standard procedures 
and size-fractionated by either of two methods. 
Method 1 

Total cellular DNA is mechanically sheared by passage 
60 through a needle in order to size- fractionate according to 
standard procedures. DNA fragments of up to 11 kbp in size 
are rendered blunt by treatment with exonuclease and DNA 
polymerase, and EcoRI linkers added. Fragments are ligated 
into the vector Lambda ZapII that has been cut with EcoRI, 
65 the library packaged by standard procedures and £. coli 
infected with the packaged library. The library is amplified 
by standard procedures. 
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Method 2 10 microliter samples of DNAase treated RNA are reverse 

Total cellular DNA is partially hydrolysed with a combi- transcribed using.a Superscript Preamplification System for 

nation of four restriction enzymes (Rsal, Pall, AM and First Strand cDNA Synthesis kit (Gibco BRL, Life 

fragments then ligated into the vector Lambda ZapII that nanogram ot random hexamers is used to prime each reac- 

have been cut with EcoRI, the library packaged by standard ^on. Controls without the addition of SuperScriptll reverse 

procedures, and E. coli infected with the packaged library. transcriptase are also run. Both +/-RT samples are treated 

The library is amplified by standard procedures. with RNaseH before proceeding to the PCR reaction. 

Example 2 10 

Characterization of Topoisomerase III Gene Expression d) ^ f pCR and fl nic bes to deterrnine the 

a) Isolation Staphylococcus aureus WCUH29 RNA from ' , . . . n .,. 6 . 
infected tissue samples P rcsence of a bactenaI c s P ecies 

Infected tissue samples, in 2- ml cyro-strorage tubes, are 

removed from -80° C. storage into a dry ice ethanol bath. In 15 Specific sequence detection occurs by amplification of 

a microbiological safety cabinet the samples are disrupted larget sequences in the PE Applied Biosystems 7700 

up to eight at a time while the remaining samples are kept g ce s m ^ ce of ^ qH 

frozen in the dry ice ethanol bath. To disrupt the bacteria nudeotide be labeled the 5 , and 3, ends ^ 

withm the tissue sample, 50-100 mg of the tissue is trans- , f * . ^ ^ 

fered to a FastRNA tube containing a silica/ceramic matrix 20 and <* uencher fluorescent dye, respectively (FQ probe), 

(BIO101). Immediately, 1 ml of extraction reagents which anneals between the two PCR primers. Only specific 

(FastRNA reagents, BIO101) are added to give a sample to product will be detected when the probe is bound between 

reagent volume ratio of approximately 1 to 20. The tubes are the primers. As PCR amplification proceeds, the 5-nuclease 

shaken in a reciprocating shaker (FastPrep FP20, BIO101) at activity of Taq polymerase initially cleaves the reporter dye 

6000 rpm for 20-120 sec. The crude RNA preparation is 25 from the probe. The signal generated when the reporter dye 

extracted with chloroformnisoamyl alcohol, and precipitated ^ physically separated from the quencher dye is detected by 

with DEPC-treated/lsopropanol Precipitation Solution measU ring the signal with an attached CCD camera. Each 

(BIO101) RNA preparations are stored in tins *opmpanol si , ated k OQe ^ cleaved whicfa corre . 

solution at -80° C. if necessary. The RNA is pelleted (12,000 , , c ■ c ^™ 

g for 10 min.), washed with 75% ethanol (v/v in DEPC- 30 sponds 10 ^P^™ of one tai B et ^rand PCR reactions 

treated water), air-dried for 5-10 min, and resuspended in are scl U P usin « the PE A PP Ued Biosvstem TaqMan PCR 

0.1 ml of DEPC-lreated water. Core I* ca g e nt Kit according to the instructions supplied such 

Quality of the RNA isolated is assessed by running that each reaction contains 5 microliters 1 Ox PCR Buffer II, 

samples on 1% agarose gels, lx TBE gels stained with 7 microliters 25 mM MgCl 2 , 5 microliters 300 nM forward 

ethidium bromide are used to visualise total RNA yields. To 35 primer, 5 microliters reverse primer, 5 microliters specific 

demonstrate the isolation of bacterial RNAfrom the infected FQ probe, 1 microliter each 10 mM DATP, 10 mM dCTP, 10 

tissue lx MOPS, 2.2M formaldehyde gels are run and mM dGTP and 20 mM dUTP, 13.25 microliters distilled 

vacuum blotted to Hybond-N (Amersham). The blot is then water, 0.5 microliters AmpErase UNG, and 0.25 microliters 

hybridized with a 32 P labelled ofigonucletide probe specific AmpliTaq DNA polymerase to give a total volume of 45 

to 16S rRNA of Staphylococcus aureus (K. Greisen, M. 40 microliters. 
Loeffelholz, A. Purohit and D. Leong. J. Clin. (1994) Micro- 
biol. 32 335-351). An oligonucleotide of the sequence: 

5'-gctcctaaaaggttactccaccggc-3" is used as a probe. The size Amplification proceeds under the following thermal 

of the hybridizing band is compared to that of control RNA cycling conditions: 50° C. bold for 2 minutes, 95° C. hold 

isolated from in vitro grown Staphylococcus aureus 45 for 10 minutes, 40 cycles of 95° C. for 15 seconds and 60° 

WCUH29 in the Northern blot. Correct sized bacterial 16S C. for 1 minute, followed by a 25° C. hold until sample is 

rRNA bands can be detected in total RNA samples which retrieved. Detection occurs real-time. Data is collected at the 

show extensive degradation of the mammalian RNA when end of the reaction, 
visualised on TBE gels. 

b) The removal of DNA from Staphylococcus aureus 50 

WCUH29 -derived RNA RT/PCR controls may include +/-reverse transcriptase 

DNA was removed from 50 ng samples of RNA by a 30 reactions, amplification along side genes known to be tran- 

minute treatment at 37° C. with 10 units of RNAase-free scribed under the conditions of study and amplification of 1 

DNAasel (GeneHunter) in the buffer supplied in a final microgram of genomic DNA. 

volume of 57 microliters. 55 

The DNAase was inactivated and removed by pbe- „ . , ,. , . . . . 

nokcbloroform extraction. RNA was precipitated with 5 Pnmer pair f and corroding probes which fail to 

microliters of 3 M NaOAc and 200 microliters 100% EtOH, generate signal in DNA PCR or RT/PCR are PCR failures 

and pelleted by centrifugation at 12,000 g for 10 minutes. and ^ such are ^informative. Of those which generate 

The RNA is pelleted (12,000 g for 10 min.), washed with 60 si S nal wilh DNA PCR > two classes m distinguished in 

75% ethanol (v/v in DEPC-treated water), air-dried for 5-10 RT/PCR: 1. Genes which are not transcribed in vivo repro- 

min, and resuspended in 10-20 microliters of DEPC-treated ducibly fail to generate signal in RT/PCR; and 2. Genes 

water. RNA yield is quantitated by OD^ after 1:1000 which are transcribed in vivo reproducibly generate signal in 

dilution of the cleaned RNA sample. RNA is stored at -80* RT/PCR and show a stronger signal in the +RT samples than 

C. if necessary and reverse-transcribed within one week, c) 65 the signal (if at all present) in -RT controls. Based on these 

The preparation of cDNA from RNA samples derived from analyses it was discovered that S. aureus topoisomerase III 

infected tissue gene was expressed in vivo. 



33 

Primers used for Example 2 are as follows: 
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topfl fwd primer GTT AT ACG AT AT G ATT GT CG AGCGT [SEQ 
tOpB rev primer GTGCC CTGCAACCTCT AAACT {SEQ 
topfl probe FAM-CCTCCGCACGAGTATGACGCG-TAMRA (SEQ 

FAM and TAMRA labeling of primers and the uses of 
such primer have reportsed (Lee, L G, Connell, C R, and 
Bloch, W. 1993. Allelic discrimination by nick-translation 
PCR with fluorogenic probes. Nucleic Acids Research 



ID NO:6] 
ID NO:7] 
ID NO:B] 

i 21:3761-3766; Livak,KJ,Flood,SJA,Marmaro,J.,Giusti, 
W, and Deetz, K. 1995. Oligonucleotides with fluorescent 
dyes at opposite ends provide a quenched probe system 
useful for detecting PCR product and nucleic acid hybrid- 
ization. PCR Methods and Applications 4:357-362.). 



SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(iii) NUMBER OF SEQUENCES: 8 

(2) INFORMATION FOR SEQ ID NOxl: 

(i) SEQUENCE CHARACTERISTICS t 

(A) LENGTH: 2803 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNE SS : single 

(D) TOPOLOGY: linear 

<ii> MOLECULE TYPE: Genomic DMA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

TTCATTGTAC TGTTGAGGAA GTTTATATAA GTATGATGCT GATTCATAAT TCGAATGTTC 60 

AATGAACGAT TTTATTTGTG TAATATCATA TAACTGAACT ATGCTCATGT CATTACCTCC 120 

GTACTTTTTG TT AC TT TT AT TATATAGTAT TTCAACTGAA ATGAAAGTTA ATAGTGATAT 180 

TAACATGTTA CAATACATTT AACACC AT TG AATTTAAATC AAAGATTAGT GGAATAGATG 240 

AAGCACGTTC GAAATAAAAG AACGTATGAG AAAGGATAAT TTATGAAATC TTTAATATTA 300 

GCTGAAAAAC CATCAGTTGC AAGAGATATT GCTGATGCTT TACAAATAAA TCAGAAGCGT 3 60 

AATGGTTACT TTGAAAATAA CCAATATATT GTCACGTGGG CGTTAGGTCA T CT AGTGACA 420 

AATGCGACAC CTGAACAATA CGATAAAAAT TTAAAGGAAT GGCGATTAGA AGACCTTCCA 4 80 

ATTATACCTA AATATATGAA AACTGTTGTT ATTGGTAAAA CAAGCAAACA ATTTAAAACA 540 

GTAAAAGCGT TAATTTTAGA TAATAAAGTG AAAGATATTA TTATTGCAAC AGATGCTGGA 6 00 

CGAGAAGGTG AACTAGTTGC AAGATTGATT TTGGATAAAG TTGGTAACAA AAAGCCAATC 6 60 

CGTCGATTAT GGATTAGCTC AGTTACTAAA AAAGCTATTC AACAAGGTTT TAAAAATTTA 720 

AAAGACGGTC GTCAATATAA CGATTTGTAT TATGCAGCGT TAGCGAGAAG CGAGGCAGAT 7 80 

TGGATTGTTG GGATTAATGC AACGCGTGCA CTAACAACAA AGT AT GATGC ACAGCTATCC 840 

CTGGGACGTG TTCAGACACC AACGATTCAA TTAGTAAATA CACGACAACA AGAGATTAAT 900 

CAGTTCAAAC CACAACAATA CTTTACATTA TCATTAACGG TAAAAGGGTT TGATTTTCAG 960 

CTAGAATCAA ATCAGCGATA TACCAATAAA GAAACTTTAG AACAGATGGT TAATAATTTG 1020 

AAAAATGTCG ATGGTAAGAT TAAATCTGTT GCTACTAAAC ATAAGAAGTC GTATCCGCAA 1080 

TCACTGTACA ATTTAACAGA TTTACAACAA GATATGTATA GACGTTATAA AATTGGACCT 1140 

AAAGAAACAT TGAATACACT TCAAAGCTTA TATGAGAGAC ATAAAGTCGT AACCTATCCA 1200 
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AGAACAGATT CAAACTATTT AACAACTGAT ATGGTAGATA CTATGAAAGA ACGTATTCAG 1260 

GCGACGATGG CAACAACATA TAAAGACCAA GCACGCCCAT TAATGTCTAA AACATTTTCA 1320 

TCAAAAATGT CGATATTTAA TAATCAAAAA GTATCTGATC ACCATGCAAT TATTCC T ACA 1380 

GAAGTGAGAC CTGTCATGTC AGACTTAAGT AATAGAGAAT TAAAGTTATA CGATATGATT 144 0 

GTCGAGCGTT TTTTAGAAGC TTTAATGCCT CCGCACGAGT ATGACGCGAT AACTGTAACT 1500 

TTAGAGGTTG CAGGGCACAC ATTTGTTTTG AAAGAGAATG TAACAACTGT TTTAGGTTTT 1560 

AAATCTATTA GACAAGGTGA ATCTATTACA GAGATGCAAC AGCCTTTTTC AGAAGGCGAT 1620 

GAAGTGAAGA TTTCAAAAAC AAACATTAGA GAACATGAAA CAACACCTCC AGAATATTTT 1680 

AATGAAGGTT CGTTATTAAA AGCGATGGAG AACCCTCAGA ACTTTATTCA ATTGAAGGAT 1740 

AAAAAATATG CGCAAACTTT AAAACAAACA GGTGGTATCG GCACAGTTGC AACAAGGGCC 1800 

GACATTATCG AT AAATT ATT TAATATGAAT GCCATTGAAT CAAGAGACGG TAAAATTAAA 1860 

GTAACGTCAA AAGGTAAACA AATATTAGAA TTAGCACCAG AAGAATTAAC GTCGCCACTT 1920 

TTAACTGCAC AATGGGAAGA AAAATTACTT TTAATTGAAC GTGGTAAATA TCAGGCGAAA 1980 

ACATTTATTA ATGAAATGAA AGATTTTACG AAAGATGTTG TAAATGGGAT TAAAAATAGT 2040 

GATCGTAAAT ATAAACACGA TAATTTAACA ACCACAGAAT GCCCAACGTG TGGTAAATTC 2100 

ATGATTAAAG TTAAAACTAA AAATGGTCAG AT GC TTGTGT GCCAAGATCC ATCTTGTAAG 216 0 

ACGAAAAAGA ATGTACAGCG CAAAACAAAT GCAAGATGTC CAAACTGTAA AAAGAAATTA 2220 

ACGTTGTTTG GTAAAGGGAA AGAAGCGGTA TATCGTTGTG TTTGTGGACA TTCTGAAACG 2280 

CAAGCACATA TGGATCAGCG TATGAAGTCT AAATCCTCTG GTAAAGTATC TCGTAAAGAA 2340 

ATGAAAAAGT ATATGAATAA AAATGAAGGT TTAGACAATA ATCCGTTTAA AG AT GC ATT A 2 400 

AAGAACTTGA ATTTATAGAT AAAATCGAAC AAAGTTGAAT CAGAAAAACG AAAAGTTCGC 2 460 

TTTTGGTATT GTTTTTTATT AAGAATG AT A TTAAACTATT AAGGTATTTT AAAAAAAGGA 2520 

GCATCCATTC GTGAAAAACT ATTTCCAGTT CGATAAATAT GGAACAAACT TTAAAAGAGA 2580 

AATCTTAGGC GGTATCACAA CTTTCTTATC TATGGCCTAT ATTTTAGCAG TTAACCCGCA 2 640 

AGTTTTAAGT TTAGCAGGTG TTAAAGGCGT ATCAGAAGAT ATGAAAATGG ACCAAGGTGC 2700 

CATTTTTGTA GCGACTGCAT TAGCAGCATT TGTAGGCTCG CTATTCATGG GACTAATAGC 276 0 

TAAATATCCA ATCGCATTAG CACCAGGTAT GGGATTGGAA TTC 2803 



(2> INFORMATION FOR SEQ ID NO:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 711 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY : linear 

<ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2 1 

Met Lye Ser Leu He Leu Ala Glu Lye Pro Ser Val Ala Arg Aap He 
15 10 15 

Ala Asp Ala Leu Gin He Asn Gin Lye Arg Asn Gly Tyr Phe Glu Asn 
20 25 30 

Asn Gin Tyr He Val Thr Trp Ala Leu Gly His Leu Val Thr Asn Ala 
35 40 45 

Thr Pro Glu Gin Tyr Asp Lye Asn Leu Lys Glu Trp Arg Leu Glu Asp 
50 55 60 
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Leu Pro He He Pro Lys Tyr Met Lys Thr Vol Vol He Gly Lys -Thr 



Ser Lye Gin Phe Lys Thr Vol Lya Ala Leu He Leu Asp Asn Lys Vol 
85 90 95 

Lys Asp He He He Alo Thr Asp Alo Gly Arg Glu Gly Glu Leu Vol 
100 105 110 

Alo Arg Leu He Leu Asp Lys Vol Gly Asn Lys Lys Pro He Arg Arg 
115 120 125 

Leu Trp He Ser Ser Vol Thr Lys Lys Alo He. Gin Gin Gly Phe Lys 
130 135 140 

Asn Leu Lys Asp Gly Arg Gin Tyr ABn Asp Leu Tyr Tyr Alo Alo Leu 
145 150 155 160 

Alo Arg Ser Glu Alo Asp Trp He Vol Gly He ABn Alo Thr Arg Alo 
165 170 175 

Leu Thr Thr Lys Tyr Asp Alo Gin Leu Ser Leu Gly Arg Vol Gin Thr 
180 185 190 

Pro Thr He Gin Leu Vol Asn Thr Arg Gin Gin Glu He Asn Gin Phe 
195 200 205 

Lys Pro Gin Gin Tyr Phe Thr Leu Ser Leu Thr Vol Lys Gly Phe Asp 
210 215 220 

Phe Gin Leu Glu Ser Asn Gin Arg Tyr Thr Asn Lys Glu Thr Leu Glu 
225 230 235 240 

Gin Met Val Asn Asn Leu Lys Asn Vol Asp Gly Lys He Lys Ser Val 
245 250 255 

Ala Thr Lys His Lys Lys Ser Tyr Pro Gin Ser Leu Tyr Asn Leu Thr 
260 265 270 

Asp Leu Gin Gin Asp Met Tyr Arg Arg Tyr Lys He Gly Pro Lys Glu 
275 280 285 

Thr Leu Asn Thr Leu Gin Ser Leu Tyr Glu Arg His Lys Val Vol Thr 
290 295 300 

Tyr Pro Arg Thr Asp Ser Asn Tyr Leu Thr Thr Asp Met Val Asp Thr 
305 310 315 320 

Met Lys Glu Arg He Gin Alo Thr Met Alo Thr Thr Tyr LyB Asp Gin 
325 330 335 

Alo Arg Pro Leu Met Ser Lys Thr Phe Ser Ser Lys Met Ser He Phe 
340 345 350 

Asn Asn Gin Lys Vol Ser Asp His His Ala He He Pro Thr Glu Val 
355 360 365 

Arg Pro Val Met Ser Asp Leu Ser Asn Arg Glu Leu Lys Leu Tyr Asp 
370 375 380 

Met He Val Glu Arg Phe Leu Glu Ala Leu Met Pro Pro His Glu Tyr 
385 390 395 400 

Asp Ala He Thr Vol Thr Leu Glu Vol Alo Gly His Thr Phe Vol Leu 
405 410 415 

Lys Glu Asn Vol Thr Thr Vol Leu Gly Phe Lys Ser He Arg Gin Gly 
420 425 430 

Glu Ser He Thr Glu Met Gin Gin Pro Phe Ser Glu Gly Asp Glu Vol 
435 440 445 

Lys He Ser Lys Thr Asn He Arg Glu His Glu Thr Thr Pro Pro Glu 
450 455 460 

Tyr Phe Asn Glu Gly Ser Leu Leu Lys Alo Met Glu Asn Pro Gin Asn 
465 470 475 480 

Phe He Gin Leu Lys Asp Lys Lys Tyr Alo Gin Thr Leu Lys Gin Thr 
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Gly Gly He Gly Thr Val Ala Thr Arg Ala Asp lie He Asp Lys Leu 
500 505 510 

Phe ABn Met Asn Ala He Glu Ser Arg Asp Gly Lys He Lys Val Thr 
515 520 525 

Ser Lys Gly Lys Gin He Leu Glu Leu Ala Pro Glu Glu Leu Thr Ser 
530 535 540 

Pro Leu Leu Thr Ala Gin Trp Glu Glu Lya Leu Leu Leu He Glu Arg 
545 550 555 560 

Gly Lys Tyr Gin Ala Lys Thr Phe lie Asn Glu Met Lys Asp Phe Thr 
565 570 575 

LyB Asp Val Val Asn Gly He Lys Asn Ser Asp Arg Lys Tyr Lys His 
560 585 590 

Asp Asn Leu Thr Thr Thr Glu Cys Pro Thr Cys Gly Lys Phe Met He 
595 600 605 

Lys Val Lys Thr LyB Asn Gly Gin Met Leu Val Cys Gin Asp Pro Ser 
610 615 620 

Cys Lys Thr Lys Lys Asn Val Gin Arg Lys Thr ABn Ala Arg Cys Pro 
625 630 635 640 

Asn Cys Lys Lys Lys Leu Thr Leu Phe Gly Lys Gly Lys Glu Ala Val 
645 650 655 

Tyr Arg Cys Val Cys Gly His Ser Glu Thr Gin Ala His Met Asp Gin 
660 665 670 

Arg Met Lys Ser Lys Ser Ser Gly Lys Val Ser Arg Lys Glu Met Lys 
675 680 685 

Lys Tyr Met Asn Lys Asn Glu Gly Leu Asp Asn Asn Pro Phe Lys Asp 
690 695 700 

Ala Leu Lys Asn Leu Asn Leu 
705 710 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: Genomic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : 
GAATGAGCCG CAACTTCGGG AT 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 
{A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 
TAAAAGAACG TATGAGAAAG 

(2) INFORMATION FOR SEQ ID NO: 5: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 23 base pairs 
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(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DMA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5: 
AAAAACAATA CCAAAAGCGA ACT 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B ) TYPE: nucleic acid 

(C) STRAKDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DMA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6: 
GTTATACGAT ATGATTGTCG AGCGT 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 
GTGCCCTGCA ACCTCTAAAG T 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 
CCTCCGCACG AGTATGACGC G 



What is claimed is: 

1. An isolated polynucleotide segment comprising: a first 
polynucleotide sequence, wherein the first polynucleotide 
sequence (a) is a reference sequence that encodes the amino 
acid sequence set forth in SEQ ID NO:2, or (b) has at least 
95% identity with the reference sequence, wherein said 
identity is determined using an algorithm selected from the 
group consisting of BLASTP, BLASTN or FASTA, where 
the algorithm is adapted to give the largest match between 
sequences tested, over the entire length of the reference 
sequence. 

2. An isolated polynucleotide segment according to claim 
1 comprising: a first polynucleotide sequence, wherein the 
first polynucleotide sequence (a) encodes a reference 
sequence that has the amino acid sequence set forth in SEQ 
ID NO:2, or (b) encodes a polypeptide sequence identical 
with the reference sequence except that, over the entire 
length corresponding to the reference sequence, the encoded 
polypeptide sequence has up to ten amino acid substitutions, 
amino acid deletions or amino acid insertions. 



3. The isolated polynucleotide segment of claim 1, com- 
50 prising the first polynucleotide sequence wherein the first 

polynucleotide sequence is (a) identical with the reference 
sequence, or (b) has at least 97% identity with the reference 
sequence, wherein said identity is determined using an 
algorithm selected from the group consisting of BLASTP, 
55 BLASTN or FASTA, where the algorithm is adapted to give 
the largest match between sequences tested, over the entire 
length of the reference sequence. 

4. The isolated polynucleotide segment of claim 1, 
wherein the first polynucleotide sequence encodes a topoi- 

60 so me rase III polypeptide. 

5. An isolated polynucleotide segment comprising the full 
complement of the entire length of the first polynucleotide 
sequence of claim 1. 

6. The isolated polynucleotide segment of claim 5, 
65 wherein the first polynucleotide sequence (a) encodes a 

reference sequence that has the amino acid sequence set 
forth in SEQ ID NO:2, or (b) encodes a polypeptide 
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sequence identical with the reference sequence except that, 16. The isolated polynucleotide segment of claim 1, 

over the entire length corresponding to the reference wherein the first polynucleotide sequence is identical with a 

sequence, the encoded polypeptide sequence has up to five third reference sequence which (a) is nucleotides 283 to 

amino acid substitutions, amino acid deletions or amino acid 2415 inclusive of the polynucleotide sequence set forth in 

insertions. 5 SEQ ID NO: 1, or (b) has at least 95% identity with the third 

7. The isolated polynucleotide segment of claim 6, reference sequence, wherein said identity is determined 
wherein the first polynucleotide sequence encodes a topoi- ^ ng an al g 0rithm selected from the group consisting of 
somerase III polypeptide. BLASTP, BLASTN or FASTA, where the algorithm is 

8. A vector comprising the polynucleotide segment of adapted tQ give me largesl match between tested> 

c a * m . " . . . . 10 over the entire length of the third reference sequence; 

9. A vector comprising the polynucleonde segment of 

claim 5. wherein the first polynucleotide sequence hybridizes 

10. An isolated host cell transformed with the polynucle- wd * T stringent conditions to a polynucleotide sequence 
otide segment of claim 1 to express the first polynucleotide which is the full complement of said third reference 
sequence. 15 sequence, wherein stringent conditions means hybrid- 

11. A process for producing an topoisomerase III polypep- ization will occur only if there is at least 95% identity 
tide of the first polynucleotide sequence comprising the step between the polynucleotide sequences to be hybridized, 
of culturing the host cell of claim 10 under conditions 17. An isolated polynucleotide segment of claim 16, 
sufficient for the production of said polypeptide, which is wherein the first polynucleotide sequence (a) is the sequence 
encoded by the first polynucleotide sequence. 20 from nucleotides 283 to 2415 inclusive of the polynucleotide 

12. An isolated polynucleotide segment comprising a first sequence set forth in SEQ ID NO:l, or (b) has at least 97% 
polynucleotide sequence, wherein the first polynucleotide identity with the third reference sequence, wherein said 
sequence is (a) a first reference sequence that encodes the identity is determined using an algorithm selected from the 
amino acid sequence set forth in SEQ ID NO:2, or (b) has group consisting of BLASTP, BLASTN or FASTA, where 
at least 90% identity with the first reference sequence, 25 the algorithm is adapted to give the largest match between 
wherein said identity is determined using an algorithm sequences tested, over the entire length of the third reference 
selected from the group consisting of BLASTP, BLASTN or sequence. 

FASTA, where the algorithm is adapted to give the largest ig j^c isolated polynucleotide segment of claim 1, 

match between sequences tested, over the entire length of wherein the first polynucleotide sequence hybridizes under 

the first reference sequence 30 stringent conditions to a polynucleotide sequence which is 

wherein the first polynucleotide sequence is (a) a second the full complement of a third reference polynucleotide 

reference sequence which encodes the same mature having nucleotides 283 to 2415 of SEQ ID NO:l. 

polypeptide, expressed by the topoisomerase III gene 19. A recombinant polynucleotide segment comprising 

contained in Staphylococcus aureus WCUH 29 con- nucleotides 283 to 2415 of the polynucleotide sequence set 

tained in NCIMB Deposit No. 40771, or (b) has at least 35 forth in SEQ ID NO:l, or the full complement of the entire 

95% identity with the second reference sequence, length of the nucleotide sequence set forth in SEQ ID NO: 1. 

wherein said identity is determined using an algorithm 20. A recombinant polynucleotide segment which encodes 

selected from the group consisting of BLASTP, a polypeptide comprising a region having the amino acid 

BLASTN or FASTA, where the algorithm is adapted to sequence of SEQ ID NO:2. 

give the largest match between sequences tested, over 40 21. A vector comprising the recombinant polynucleotide 

the entire length of the second reference sequence. segment of claim 20. 

13. An isolated polynucleotide segment of claim 12, 22. An isolated host cell transformed with the recombi- 
wherein the first polynucleotide sequence is (a) the second nant polynucleotide segment of claim 20 to express the 
reference sequence, or (b) has at least 97% identity with the recombinant polynucleotide segment. 

second reference sequence, wherein said identity is deter- 45 23. A process for producing a topoisomerase III polypep- 

mined using an algorithm selected from the group consisting tide of the polynucleotide sequence comprising the step of 

of BLASTP, BLASTN or FASTA, where the algorithm is culturing a host cell of claim 22 under conditions sufficient 

adapted to give the largest match between sequences tested, for the production of said polypeptide, 

over the entire length of the second reference sequence. 24. The isolated polynucleotide of claim 1, wherein said 

14. An isolated polynucleotide segment of claim 13 so isolated polynucleotide encodes a topoisomerase III 
comprising a first polynucleotide sequence encoding the polypeptide that is involved in altering DNA topology in a 
same mature polypeptide expressed by the topoisomerase III bacterial cell. 

gene contained in Staphylococcus aureus WCUH 29 con- 25. The isolated polynucleotide of claim 16, wherein said 

tained in NCIMB Deposit No. 40771, or the full comple- isolated polynucleotide encodes a topoisomerase III 

ment of the entire length of such first polynucleotide 55 polypeptide that is involved in altering DNA topology in a 

sequence. bacterial cell. 

15. A polynucleotide encoding a fusion polypeptide 

including a polynucleotide segment according to claim 12. * * * * * 



